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ABSTRACT 
Introduction: Sub-Saharan Africa is a home to 67% of all people living with HIV-infection. 
War and the resulting population movements, Sudan's long borders with countries which have 
high HIV-prevalence, all these conditions beside others interacted to provide an enabling 
environment for rapid spread of HIV infection. As the increase of the epidemic, the demand 
for care rises for those living with HIV and AIDS, with no exception among health workers. 
Objectives: the overall aim of this thesis was to assess HIV and AIDS-related aspects in 
dental services in the Sudan. The thesis had the following specific objectives; to evaluate the 
HIV and AIDS-related knowledge of dental students, sources of information, and their 
perceived need for further education. To predict the intention of senior dental students in 
Sudan together with dental and medical students in Tanzania to provide surgical treatment to 
patients infected with HIV applying the theory of planned behavior (TPB). To asses the dental 
patients’ utilization of dental services in the context of HIV and AIDS in Sudan using 
Andersen's Behavioral model of Health services utilization. Methodology: A census of senior 
dental students (3rd to 5th study year) in six dental faculties in Sudan beside dental and medical 
students in Tanzania participated in a self-administered questionnaire. A census of all dental 
patients attended two dental teaching hospitals (out-patient) in Khartoum during the period of 
the study. A designed interview was used, followed by a clinical examination. Results:
Students from private dental schools were more knowledgeable about various HIV related 
issues than their counterparts from public dental schools. Publicly funded dental school 
students were less likely to have correct knowledge about modes of HIV transmission (OR = 
0.6) and occupational risk groups (OR = 0.6) and to have received information from 
lectures/health care workers (OR = 0.5). Tanzanian and Sudanese students showed a strong 
intention to provide care for patients with HIV and AIDS. Theory of Planned Behavior 
accounted for 51% (43% in Tanzania and Sudan) of the variance in intention across study 
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sites. Across both study sites, attitudes were the strongest predictor of intention followed in 
descending order by subjective norms, moral norms and perceived behavioral control. With a 
response rate of 52% of dental patients, among predisposing factors; travelling inside Sudan 
(OR= 0.5) were associated with lower odds and females were associated with higher odds 
(OR= 2.0) for dental service utilization. While among enabling factors; higher knowledge of 
HIV transmission (OR = 0.6) and higher HIV related experience (OR = 0.7) were associated 
with lower odds, whereas positive attitudes towards infected people and high perceived risk of 
contagion (OR = 1.3) were associated with higher odds for dental care utilization. Among 
need related factors dental caries experience was strongly associated with dental care 
utilization (OR= 4.8). Conclusion: Students attending private dental schools were more 
knowledgeable about various HIV related issues than students from public dental schools. 
About half of all students reported need for further education. This suggests that students are 
not adequately prepared for treating patients with HIV infection and AIDS and that the dental 
school curriculum needs improvements. The TPB is applicable to students' care delivery 
intentions in the context of HIV and AIDS across the two countries investigated. It is 
suggested that attitudes, subjective norms, moral norms and perceived behavioral control are 
key factors in students' willingness to treat AIDS and HIV infected patients and should be 
targets of interventions aimed at improving the quality of health care delivery in this context. 
Disparity in the dental care utilization goes beyond socio-demographic position and need for 
dental care. Public awareness of HIV infection control and confidence on the competence of 
dentists should be improved to minimize avoidance behavior and help establish dental health 
care patterns in Sudan. 
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1. INTRODUCTION 
1.1 Outline of the thesis 
This thesis concerns HIV and AIDS-related aspects of the dental health care service by 
studying three different populations. Sudanese senior dental students and Tanzanian medical 
and dental students constituted the study populations in Paper I and Paper II, whereas dental 
patients attending dental clinics at dental teaching hospitals in Khartoum constituted the study 
population of Paper III. Data generated from Tanzanian students were recruited at Muhimbili 
University College of Health and Allied Sciences (MUHAS) in Dar-es- Salaam by Dr. 
Elizabet Lyimo and used as a comparative study group. The Sudanese dental students were 
recruited from six dental schools in Khartoum state by the author of this thesis (EFN).
Due to cultural factors and religious beliefs and due to a yet low prevalence of HIV-infected 
people in Sudan, it was assumed that HIV and AIDS related aspects of dental health care 
services were not given due attention in the education and practical training of dental students 
in Sudan. HIV and AIDS related issues are still sensitive in this country and thus Sudanese 
dental students were expected to have inadequate knowledge and to be in need for further 
education with respect to particular HIV and AIDS related topics. Following the theory of 
planned behavior, TPB, dental students’ intention to provide surgical treatment to patients 
with HIV and AIDS were assumed to be predicted by attitudes, subjective norms, perceived 
behavioral control and moral norms across the Sudanese and Tanzanian cultural context.  
Following Andersen’s behavioral model of health services uptake, dental health care 
utilization of patients attending teaching hospitals in Khartoum was assumed to be influenced 
by enabling factors in terms of HIV and AIDS related knowledge, attitudes and fear of 
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contagion, need related factors in terms in terms of clinically and self reported dental status 
and predisposing socio-demographic factors.  
Specifically the present thesis considers: 
1) Sudanese dental students’ knowledge on HIV and AIDS-related aspects, sources of 
information and their perceived need for further education. 
2) Sudanese dental students and Tanzanian dental and medical students as future providers of 
oral health care services with respect to factors predicting their intention to provide surgical 
treatment to patients infected with HIV as part of their future professional work.  
3) Sudanese dental patients (as service consumers) and their use of oral health care services in 
the context of the HIV AIDS epidemic.  
1.2 Conceptual models applied in the thesis 
The theory of planned behavior (TPB) was applied in Paper II to explain Sudanese and 
Tanzanian dental students’ intention to provide dental care for HIV infected people as part of 
their professional work. The TPB (1) (Fig 1) and its precursor the theory of reasoned action 
(TRA) (2) constitute promising frameworks for understanding and predicting social 
behaviors. The TRA applies strictly to volitional behaviors, Ajzen and Madden (3) proposed 
the TPB to account for non-volitional behaviors (Fig 1). The TPB includes perceived 
behavioral control on a level with attitudes and subjective norms as predictors of behavioral 
intention (1).The TPB implies that the three predictors influence subsequent behavior 
indirectly through behavioral intention, and further that the perceived behavioral control 
affects behavior directly when the behavior in question is not under complete volitional 
control by the individual. The TPB posits that behavioral intention is a function of attitude 
(reflecting a favorable or unfavorable evaluation of the particular behavior), and subjective 
norm (referring to the perceived social pressure to perform the behavior). Perceived 
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behavioral control (reflects the ease or difficulty associated with performance) and is closely 
related to the notion of self-efficacy (4). Attitudes, subjective norms and perceived behavioral 
control are underpinned by behavioral, normative and control beliefs, respectively.  
The TRA and the TPB have been applied successfully to a range of behavioral domains (1, 5-
7) including HIV preventive behaviors (8-13). With respect to occupational behavior, the TPB 
has predicted health workers’; use of gloves, their intention to provide home-care for HIV 
infected patients, their adherence to universal precautions for venipuncture and their intention 
to provide professional labor support (14-18). The applicability of socio-cognitive models to 
the African context should be systematically addressed, considering the need for theory–based 
studies in the planning and implementation of effective HIV and AIDS educational programs 
(19, 20).
Andersen’s behavioral model of health service use was applied in Paper III to guide the 
selection of variables and the statistical analyses to identify correlates of use of dental health 
care services in the context of HIV and AIDS. According to this model, people's use of health 
service depends on predisposing factors, enabling resources and treatment needs. 
Predisposing factors are the socio-demographics such as age, gender and ethnicity. Enabling 
factors include economic- and social resources, whereas need refers to the clinically assessed 
and self-perceived disease status (21, 22) (Figure 2).  The Andersen model of health care 
utilization posits that predisposing characteristics, enabling resources and need factors 
influence dental service utilization. The variability of natural history of certain oral diseases, 
oral health beliefs, or genetic, cultural or social factors forms the construct of predisposing 
characteristics of individuals. Predisposing characteristics influence an individual’s propensity 
to use different types of health services. Enabling characteristics include the economic and 
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social resources that facilitate or impede care. Need factors encompass both professionally 
determined need for dental care and patients’ own perceptions of need. Predisposing 
characteristics and enabling resources are reportedly stronger predictors of dental care 
utilization than need factors (21-25).  See Table 1 for an overview of studies applying 
Andersen’s behavioral model in the field of use of oral health care services 1990-2010. 
Figure 1: The Theory of Planned Behavior (Ajzen, 1991) 
Figure 2: Modified Health Service Use Behavioral Model (Andersen, 1995) 
Enabling factors 
Health Need 




















1.3 HIV and AIDS epidemic globally and in the Sudan
The world has been facing a virus causing a disease that kills millions of people (26). The 
virus is called HIV, which stands for Human Immunodeficiency Virus. After a period of time 
this virus begins to damage the immune system, and this is known as Acquired Immuno 
Deficiency Syndrome (AIDS). The time period varies, depending on factors such as access to 
drugs and nutrition, the presence of other medical conditions, and stress (26). Globally in 
2008, there were an estimated 33.4 million of people living with HIV. There were 2.0 million 
AIDS-related deaths and 2.7 million newly infected with HIV-infection (27). Sub-Saharan 
Africa is a home for 67% of all people living with HIV-infection (28). HIV and AIDS 
epidemic is no longer a crisis only for the health care sector, but a challenge to all other 
sectors. HIV and AIDS is a development question, being at the same time a cause and 
consequence of poverty and underdevelopment (29). 
The first case of HIV-infection in Sudan was reported in 1986. This was followed by two 
cases in 1987. The number of cases reported annually increased, and by 1997 about 250 cases 
were reported. In 1998 the total number of cases was 511. The number of reported cases 
reached to 4004 reported cases in 2001. The HIV and AIDS epidemic in the Sudan is the most 
extensive in the North African region with a national adult HIV prevalence estimate of 1.4% 
in 2007. A prevalence of 9% was found among men having sex with men in Khartoum State 
(30). In the South of Sudan, the overall HIV prevalence of the Antenatal Clinic (ANC) 
respondents tested amounted to 3.7% (30). Similar to several other African countries, the 
main mode of transmission is heterosexual which accounts for 97% of the cases in Sudan. Use 
of condoms is not widely practiced (31). 
War and the resulting population displacement, Sudan's long borders with nine African 
countries some of which have high HIV prevalence rates, the economic crisis in the country, 
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and urbanization with remarkable rural-urban migration are conditions that interact and 
increase the risk of a rapid spread of HIV infection. One objective of  the Sudan HIV and 
AIDS national strategic plan is to maintain the level of HIV prevalence at less than 2% by 
2009 (31).  
1.4 Oral health care services in the Sudan 
Dental services in Sudan are provided by private and public sectors. The public dental health 
care sector is administered by the Federal and state Ministry of Health. There are also military 
hospitals administered by the army and police department. In Khartoum state there are 173 
private dental clinics whereas 504 dentists, 339 dental assistants and 30 dental technicians 
constitute the public dental health care sector (31). In the military hospitals, there are 7 
dentists, 81 dental assistants and 4 dental technicians. The number of dentists in the public 
sector has increased from 244 to 512 between 2003 and 2007. The dentist population ratio in 
Khartoum state was 1.7: 100.000 by the year 2007. There is a high need for more dentists as 
1220 dentists is estimated to be needed by 2013(32). Dental education has since 1971 been 
provided by the University of Khartoum through its dental school at the Faculty of medicine. 
This dental school was upgraded to a Faculty of Dentistry in 1992(33). Many private and 
public dental schools/faculties have been initiated within the emergence of private sectors 
education institutes. Currently the total number of dental graduates per year is almost 
exceeding 300 graduates.  
1.5 Provision of oral health care services in the context of the HIV and AIDS Epidemic  
The HIV and AIDS epidemic is bringing an additional burden on the health care sector 
generally. In sub-Saharan Africa, the annual direct medical costs of AIDS (excluding 
18
antiretroviral therapy) have been estimated at about US$30 per capita, at a time when overall 
public health spending is less than US$10 for most African Countries  (34). The overall 
quality of care provided in hospitals is affected by the HIV and AIDS epidemic (35). The 
transmission of HIV-virus has had its impact on dental health care services. The risk for 
cross-infection has become into particular focus in dental practices, due to the possible 
transmission of HIV-virus through direct contact with blood, (36). Cross-infection can take 
place from dentist to patient and vice versa. However, the estimated risk of HIV transmission 
from general practice dentists to their patients is recognized to be minimal if infection control 
guidelines are strictly adhered to (37). Revision and advocacy for standard precautions in 
cross-infection control has taken place with the emergence of the epidemic(38). In the 
developing countries where occupational safety is neglected, about 90% of the total HIV 
infections occurs among health care workers, annually (39).  
All health care workers including the dentists should provide comparable treatment and care 
to all individuals indiscriminately. Accordingly, dentists have a professional and ethical 
responsibility to serve patients with HIV and AIDS, (40-42). This has also been supported by 
the Dental Associations throughout the world (43-45). Knowledge about HIV-infection is 
recognized as a critical component for the control and management of this disease (46). It is 
generally agreed that there is need for better professional education concerning HIV and 
AIDS among health care workers (47).  Proper training on medical and psychological aspects 
of treating HIV positive patients has been recognized as an effective method to change the 
attitudes towards HIV and AIDS among dental health care workers (47, 48). A sound basis of 
knowledge about HIV and AIDS is essential to enable dental students to undertake 
appropriate measures during clinical practice. In addition, it is also likely that possessing 
appropriate information may instill confidence in their ability to diagnose and then manage 
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HIV-infected patients. Fear or AIDS-phobia has been attributed to inadequate knowledge 
about HIV and its transmission routes (49). Fear of contagion with HIV-infection generates 
major concerns among health care personnel and may impede educational efforts about AIDS. 
This might lead to a variety of adverse outcomes such as unwillingness to treat AIDS patients 
altogether(50). Several authors have attributed fear of contagion to inadequate HIV-related 
knowledge, whereas others have demonstrated a reduction in fears through improved AIDS 
education (47, 51). Inadequate knowledge has also been identified to contributing to dentists’ 


































































   
   
   
   
   
   
   
   



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   
   
   
   



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1.6 Use of dental health care services in the context of the HIV and AIDS Epidemic 
Recent findings based on the 1998 Community Health Assessment Project (CHAP) and 
the Behavioral Risk Factor Surveillance System (BRFSS) have  revealed that socio-
demographics in terms of race (whites more likely to visit the dentist), income (higher 
income most likely to visit the dentist), education (higher education more likely to visit 
the dentist) and marital status (married most likely to visit the dentist) are the most 
important determinants of dental visiting habits in the general US population (38, 83, 84). 
Several other factors have also been reported to be associated with use of dental care, 
such as gender, non-poverty status, having a positive attitude towards dental health and 
dental health care, having pain and being dentate (38, 84, 85).  
Empirical evidence suggests that HIV and AIDS related knowledge and attitudes varies 
considerably in the general population and tend to influence dental attendance patterns. In 
a Nigerian study of public perceptions of cross-infection control in dentistry, more than 
half of the respondents investigated felt that they could contract an infection in the dental 
clinic and 43% identified HIV as a risk (86). Pistorius et al (87) examined dental patients 
in Germany and found that about 17% were generally afraid of contracting an infection at 
a dental office. Thomson et al (88) examined perceptions of cross infection in dentistry 
among Australians and found that 3.6% reported delayed or avoided dental visits due to 
perceived cross infection, the avoidance rate being highest in females and those who 
reported concern about cross infection control. A Mexican study revealed that only 
21.2% of the study participants intended to continue treatment at a dental practice where 
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HIV patients were treated and 20% had similar intentions if the dentist was HIV positive 
(89).  
Studies of dental patients from developing and developed countries have  revealed that 
dental patients expect adequate infection control procedures and are informed that such 
measures are beneficial to both dental staff and patients (86). On the other hand, dental 
patients being totally ignorant to the sterilization methods utilized in dentistry have also 
been reported (90). In Nigeria about 60% of the study participants were unwilling to 
attend a dental clinic if they knew that HIV patients were treated there (86). Consistently, 
a German study of dental patients revealed that about 10% were in favor of separate 
waiting rooms for HIV infected patients (87). Personal experience with HIV and AIDS 
acting as a barrier towards utilization of dental care might be attributed to the fact that the 
estimated prevalence of HIV and AIDS is still low in Sudan and with a general trend of 
keeping HIV infection in secret (91) . Studies from other industrialized countries have 
shown that concern about HIV contagion in dental practices increases the likelihood of 
dental avoidance behavior(88). 
1.7 Justification 
The three papers of this thesis are justified by the fact that Sudan is experiencing an 
increase in the prevalence and incidence of HIV and AIDS. This will impact providers 
and consumers of dental health care services in the country. HIV-infection is related to 
oral health in many aspects and puts obligations upon various categories of health care 
personnel with respect to infection control, early diagnosis, management and quality care 
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for people living with HIV and AIDS. Yet, the education of Sudanese dentists in the 
context of HIV and AIDS has not been adequately evaluated. Information on dental 
students’ HIV related knowledge and attitudes might provide a valuable contribution to 
the development of adequate education and training. Moreover, the burden of the HIV 
and AIDS epidemic on the health care services in terms of attrition of health care 
personnel needs to be put into a working module to form a basis for health promotion and 
policy making. This situation might influence not only the provision of oral health care, 
but also the dental attendance patterns in the general population. Dental health care 
utilization in the context of HIV has yet to be explained to provide a basis for the 
planning and implementation of public’s health education and provision of quality dental 
health care services. 
1.8 Aim 
This thesis examined HIV and AIDS related knowledge, attitudes and need for further 
HIV and AIDS related education among Sudanese students, explained dental students’ 
intention to provide treatment to HIV infected patients as part of their future professional 
role across Tanzanian and Sudanese cultural contexts and explained the utilization of 
dental care in the context of an increasing HIV epidemic in the Sudan. Such information 
is pivotal for the planning and implementation of public programs aimed at improved 
provision as well as utilization of oral health care services in the context of the HIV and 
AIDS epidemic. 
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1.9 Specific objectives 
Paper I: One important step in preventing the spread of HIV-infection in Sudan is to 
assure that dentists are capable to recognize and manage HIV-related oral health 
problems and to educate patients about risks that might lead to infection. It is upon this 
background the present study was set out to assess HIV and AIDS-related knowledge, 
sources of information, and perceived need of further education of dental students 
attending public and private dental schools in Sudan.  
Paper II: Focusing on Tanzanian and Sudanese dental- and medical students, this study 
aimed to predict their intention to provide surgical treatment to patients living with HIV 
and AIDS as part of future professional work, using the Theory of Planned Behavior 
(TPB). Identical questionnaires were used in both countries. Following the TPB, the 
hypotheses were: attitudes, subjective norms and perceived behavioral control will each 
contribute positively to the prediction of intention of the students to provide surgery 
treatment to HIV and AIDS patients.  
Paper III: Recruiting Sudanese dental patients with reported unknown HIV-status, this 
study assessed the extent to which the components of Andersen’s model in terms of 
predisposing factors, enabling factors, and need predict dental care utilization. It was 
hypothesized that enabling factors in terms of HIV-related knowledge, attitudes and fear 
of contagion would add to the explanation of dental care utilization independent of 
predisposing- and need related factors.
26
2. MATERIALS AND METHODS 
Figure 3: Map of Sudan and Africa [Source: (92): 
2.1 Study area 
Sudan, is the largest country on the sub-Saharan Africa continent, measuring about one-
fourth the size of the United States (93). The country occupies the middle part between 
Africa and the Arab World. Its neighbors are Chad and the Central African Republic on 
the West, Egypt and Libya on the North, Ethiopia and Eritrea on the East, and Kenya, 
Uganda, and Democratic Republic of the Congo on the South.  Sudan is formed of 26 
states (93).  Khartoum state is the capital and comprised of three cities, Khartoum city 
(the political capital), Omdurman (the national capital) and Khartoum North (the 
industrial capital). Khartoum has the area of 22.736 Km2 with population (in 2007) of 
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6203000, which is 16.7% of the total population. There are 25 hospitals and 25 Primary 
Health Care Unites (32). Table3 shows facts about Sudan population. 
Table: 3 Fast Facts About Sudan Population  (92): 
Population: 41.087.825 Ethnic groups: black 52%, Arab 39%, Beja 6%, 
foreigners 2%, other 1% 
Birth rate: 33.74 births/1.000 
population
Religions: Sunni Muslim 70% (in north), Christian 5% 
(mostly in south and Khartoum), indigenous beliefs 25% 
Death rate: 12.94 deaths/1.000 
population, (2009 est.) 
Languages: Arabic (official), English (official), Nubian, 
Ta Bedawie, diverse dialects of Nilotic, Nilo-Hamitic, 
Sudanic languages 
Life expectancy at birth: total 
population 51.42 years, (2009 est.)
Infant mortality rate: 82.43 deaths/1,000 live births, 
(2009 est.) 
Growth rate: 2.143%, (2009 est.) Urbanization: 43% of total population (2008), with a rate 
of urbanization: 4.3% annual rate of change (2005-10 est.) 
Sex ratio: total population: 1.03 
male(s)/female (2009 est.)
Fertility rate: 4.48 children born/woman (2009 est.) 
2.2 Selection procedures and study population 
This thesis is based on three separate surveys. Survey I and Survey III were conducted in 
Khartoum state, Sudan, whereas Survey II was conducted in Dare es Salaam, the capital 
of Tanzania (Table 4). 
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Table: 4 Surveys of the Thesis: 
Survey  Paper Study group description 
I Paper I &II  
3rd , 4th , and 5th year, April-May 2007, 
Khartoum, Sudan , n = 642  
II Paper  II                            Census: medical and dental students 
attending MUCHS, Dar Es salaam, 2005, n = 
454 
III Paper III     dental  patients  attending  KDTH  and  
UST, Khartoum, April-June 2008, n =1262 
2.2.1 Survey I 
The data of (survey I) which applies to Paper I and II, was collected through a cross-
sectional study that was carried out in April–May 2007 among a census of Sudanese 
dental students attending the 3rd, 4th and 5th study year in 6 dental faculties in Khartoum 
state. A list of all the dental faculties was obtained from the Ministry of Higher Education 
and lists of all registered students in the 3rd, 4th and 5th years were obtained from all 
faculties through the Dean’s office. The faculties included in this study were publicly and 
privately funded. Moreover, they represent all available dental faculties in Sudan 
admitting from all over the country. The total number of dental students registered by the 
time of the survey was 782 (3rd, 4th and 5th graders). All were invited to participate in the 
study by completing self-administered, anonymous questionnaires in supervised (by 
teaching assistants) class-room settings. The main reason for non-participation was 
absenteeism on the day of the data collection. Before being used in the field, the 
questionnaire was reviewed by experienced local researchers, dental academics and 




contained 44 questions regarding HIV and AIDS related knowledge, sources of 
information and need for further education (Appendix 1). 
2.2.2 Survey II 
The material of Survey II which applies to Paper II was generated from Survey I and 
from a cross-sectional study carried out from June to September 2005 at Muhimbili 
University College of Health and Allied Sciences (MUHAS) at the University of Dar es 
Salaam. The target population consisted of students attending the faculty of dentistry and 
medicine in Dar es Salaam. In Dar es Salaam, a total of 1,021 (862 medical and 159 
dental) students were enrolled at the college in 2005. Six hundred students (100 students 
in each study year) attending the 1st to the 5th study year were invited to participate and 
complete supervised self-administered structured questionnaires at the faculty in class-
room settings. The questionnaire was adapted from a questionnaire previously employed 
in SSA (94). It was constructed and completed in English. The questionnaire covered 
socio-demographic factors and each component of the TPB developed according to the 
guidelines proposed by Ajzen and Fishbein (2) (Appendix 2). 
2.2.3 Survey III 
The data of Survey III which applies to Paper III was collected through a cross-sectional 
hospital-based study in Khartoum state from March to July 2008. Dental patients were 
recruited from dental clinics at two teaching hospitals in Khartoum state, Khartoum 
Dental Teaching Hospital (KDTH) and University of Science and Technology (UST). 
The number of new patients per day range from 30 to 50 at (UST) and 70-100 at 
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(KDTH). The hospitals are the biggest dental hospitals in Sudan. People of all socio-
economic classes are attending these two hospitals. All patients between 20 and 60 years 
of age with reported unknown HIV and AIDS status were invited to participate in the 
study. Reason for not participating was mainly due to time constraints and eagerness to 
receive the dental treatment. A sample size of 1200 patients was assumed to be 
satisfactory for a two-sided test assuming the proportion of dental care utilization in the 
previous 2 years to be 0.15 and 0.20 in patients with respectively low- and high 
education, a significance level of 5% and a power of 95%.  
2.3 Interviews 
A structured face-to-face interview including, questions on socio-demographic 
characteristics, oral health-related behaviors, HIV-related knowledge, attitudes and 
sources of information. Two dentists (a male and a female) were assigned and trained for 
carrying out the interviews. The behavioral model proposed by Andersen (21) was 
applied to identify variables to be considered relative to the use of dental health care 
services (Appendix II).  
2.4 Oral Examination  
One trained and calibrated dentist (EFN) conducted all clinical examinations in dental 
clinic settings equipped with an adjustable dental chair and artificial lightening. 
Examination was conducted using disposable gloves, sterilized dental mirrors and dental 
explorers. Dental caries  was recorded using the Decayed, Missing, Filled Teeth (DMFT) 
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index, according to the guidelines by WHO (95) and recorded 0 or 1 (no caries 
experience, DMFT>0) (Appendix 3) . 
2.5 Characteristic of data and statistical analysis
Before administration in the field, the questionnaires were reviewed by experienced local 
researchers, dental academics and health administrators. Dental patients’ questionnaire 
was constructed in English and translated into Arabic by a dentist and then re-translated 
back to English by another dentist to check for consistency in the language. It was used in 
Arabic. This instrument has been employed previously among university students in East 
Africa (96). Duplicate clinical caries registrations with 2 months interval were carried out 
by the researcher (EFN) among fourteen chair side dental assistants at UST. Intra 
examiner reliability in terms of Cohen’s kappa for the DMFT components was 1.  
All data were entered into the computer and all analyses were carried out by using 
Statistical Package for Social Sciences software (SPSS for Windows version 15.0) (97). 
The data processing and analysis included two steps a descriptive phase to give the 
primary picture of the data. Analytic phase, with all necessary tests of significance and 
measures of associations between different variables (qualitative and quantitative) were 
used accordingly. A confidence interval of 95% and P-value of P < 0.05 was considered 
statistically significant (Table 5). 
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Table: 5 Statistical tests applied in the thesis: 
Statistics and methods used Paper I Paper II Paper III 
Frequencies + + + 
Pearson's Chi-Squared test + + + 
Multiple Logistic Regression + + + 
Confirmatory factor analysis  +  
Cronbach's alpha  +  
Pearson's correlation coefficients  +  
Linear multiple regression analysis  +  
2.6 Ethical Considerations 
The participants invited to participate voluntarily, after having all the details explained. 
Written informed consent was obtained from all participants. The questionnaires 
maintained the participants’ confidentiality and privacy by not registering the names of 
the participants. Patients were interviewed in a confidential atmosphere while waiting for 
the clinical examination. All necessary approvals and clearance letters were obtained 
prior to the conduction of the study. A formal ethics waiver was received from the 
research committee at the University of Science and Technology. All included faculties 
provided approval letters before conducting the study.. Ethical permission was obtained 
from the Norwegian Regional Ethical Committee, Sudan National AIDS Program 
(SNAP) and from the UST, and KDTH. All data were kept under the researchers’ control 
and responsibility. The results of the study were published, distributed and used where is 
needed for the benefits of the public. 
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3. RESULTS 
3.1 Paper I 
Elwalid Fadul Nasir, Anne Nordrehaug Åstrøm, Jamil David and Rouf Wahab Ali, HIV 
and AIDS related knowledge, sources of information, and reported need for further 
education among dental students in Sudan- a cross sectional study. BMC Public Health 
2008, 8:286.
With a response rate of 82%, 642 students (3rd, 4th, 5th year of study) with (mean age 
21.7 yr, 72% females) 48.6% from publicly funded and 51.4% from privately funded 
dental schools in Khartoum participated in the study. Of public dental school students 
42.2% and 59.1% of the private dental school students were in the older age group of 22–
30 year (p < 0.001). The most frequently reported sources of information related to HIV 
and AIDS by students were Lectures and Radio/TV 61% and 44% consecutively, 
whereas information from friends/relatives (31%) and health care workers (39%) were 
less frequently reported. Public dental students reported more frequently Radio/TV (63% 
versus44%), whereas private dental students reported more frequently lectures (67% 
versus 53%) as sources of information. About half of all students, 47.6%, confirmed a 
moderate to high need for further education across topics related to HIV and AIDS.  A 
higher proportions of students from public dental schools than from private dental 
schools reported need for further education. Health workers (79.1%) and barbers (74.5%) 
were the risk groups most frequently recognized by the students. Knowledge about risk 
groups varied across institutions with private dental school students being more 
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knowledgeable. A majority of students had accurate knowledge regarding modes of 
transmission varying between 85% and 97%. Private dental student and having highly 
educated father have higher odds (OR = 0.6) of reporting better knowledge than their 
counterparts. Public dental school students and younger age groups were less likely than 
their counterparts to report information received from health care workers/lectures (OR = 
0.5) and to have good knowledge on HIV and AIDS related occupational risk groups (OR 
= 0.6).  
3.2 Paper II 
Anne N Åstrøm and Elwalid F Nasir, Predicting intention to treat HIV-infected patients 
among Tanzanian and Sudanese medical and dental students using the theory of planned 
behavior - a cross sectional study, BMC Health Services Research 2009, 9:213. 
Tanzanian and Sudanese students showed a strong intention to provide surgical treatment 
for people with HIV and AIDS. TPB accounted for 51% (43% in Tanzania and Sudan) of 
the variance in intention across study sites. After controlling for country and past 
behavior, the TPB in terms of attitudes, subjective norms and perceived behavioral 
control accounted for 34% and moral norms for an additional 2,3% of the explainable 
variance in intention. Across both study sites, attitudes were the strongest predictor of 
intention followed in descending order by subjective norms, moral norms and perceived 
behavioral control. 
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3.3 Paper III 
Elwalid Fadul Nasir, Anne Nordrehaug Åstrøm, Jamil David and Raouf Wahab Ali, 
Utilization of dental health care services in context of the HIV epidemic- a cross-
sectional study of dental patients in the Sudan, BMC Oral Health 2009, 9:30.
A total of 1262 dental patients participated in the study (mean age 30.7, sd 8.5), 56.5% 
females and 61.0% from KDTH, while patients attending UST were less frequently males 
(35.2% versus 48.6%), less frequently in the younger age group (47.6% and 58.3%), and 
had more frequently travelled outside Sudan (41.5% versus 26.9%) as compared to their 
KDTH counterparts. Moderate proportions of patients scored high on information 
received 60.5%, knowledge on transmission 73.3% and knowledge on risk groups 66.8%. 
Moderate proportions had positive attitudes towards HIV dental clinics and people with 
HIV and AIDS 35.1% and 49.6%. A majority reported no experience with HIV infected 
people 75.6%, fear of HIV contagion in the dental environment 75.6%. Good oral and 
general health condition were reported by 56.3% and 73.3% respectively. A total of 
53.9% of the patients confirmed dental treatment at least once during the 2 years 
preceding the study. Use of dental service varied systematically between different socio-
demographic factors. Use of dental care varied systematically with caries experience 
(20.0% versus 54.7% in patients without and with dental caries). Stratified analyses by 
perceived health status revealed that  among patients who perceived their health status to 
be good, those with caries were more likely than their caries-free counterparts to have 
visited a dentist during the 2 years preceding the study (OR= 10.3 95% CI 2.3-45.3). 
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Among patient with bad health perceptions the relationship between DMFT status and 
dental health care services use was not statistically significant (OR=1.8, 95% CI 0.5-6.3). 
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4. DISCUSSION 
In the following section, the main findings of the three papers will be discussed briefly in 
terms of stated objectives and in the light of their implications for oral health education 
and dental care. More comprehensive discussion is presented in the individual papers. 
Prior to discussing the main findings, some methodological issues of importance are 
defined and discussed. 
4.1 Methodological issues  
The data utilized in this thesis was collected in three cross-sectional sample surveys using 
self-administered questionnaires, interview and oral clinical examinations. Sample 
surveys are designed by definition to provide estimates of the characteristics of a defined 
population (98). The first study population consisted of Sudanese dental students 
attending the 3rd, 4th and 5th study year in 6 dental faculties in Khartoum state. The 
second study population consisted of Tanzanian medical and dental students attending 
Muhimbili University College of Health and Allied Sciences in Dar es Salaam, Tanzania. 
The third study population consisted of dental patients attending dental clinics at two 
teaching hospitals in Khartoum state. The main strength of the present study, as one of 
the advantages of a sample survey approach, is that it yields information on many 
variables of a large number of people at a relatively low cost (98). However, it might be 
subject to various sources of error, which might bias the results and the conclusions 
provided (99). Bias is any systematic error in the data and occurs as two major categories. 
Selection bias stems from study participants (e.g. non response) and information bias or 
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misclassification stems from errors in the information collected from participants (e.g.
recall bias). The methodological problems associated with the present approach are 
discussed in detail in the separate papers. Some of the most important limitations are 
discussed below. 
4.1.1 Reliability  
Reliability is concerned with the degree of consistency or accuracy with which an 
instrument measures an attribute (98, 100). An instrument is recognized to be reliable 
when it maximizes the true component and minimizes the error component of the score. 
The stability aspect of reliability (precision) can be assessed by comparing the same 
measure for the same sample at two or several points in time and then translating it into 
convenient statistics (101). There are four types of reliability, each of which estimates 
reliability in a different way; inter-rater or inter-observer reliability denotes the degree to 
which different raters/observers give consistent estimates of the same phenomenon, test-
retest reliability denotes the consistency of a measure from one time to another, parallel 
forms reliability denotes the consistency of the results of two tests constructed in the 
same way from the same content domain whereas internal consistency reliability is used 
to assess the consistency of results across items within a test (102). A test-retest approach 
was applied with respect to the clinical examination in survey III. Other measures to 
ensure data quality comprised the training of research assistants, use of pilot studies and 
repeated checks during the data entry process. Due to logistical reasons, test- retests of 
self reported data collected in Survey I, II and III could not be carried out. For 
measurement of consistency, duplicate clinical caries registration was carried out with 2 
months interval among 14 chair side dental assistants at UST. The intra-examiner 
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reliability for the DMFT was 1, indicating very good agreement according to Landis and 
Koch (103).  
Cronbach’s alpha (104) was used to assess internal consistency reliability of the TPB 
constructs in survey II. Cronbach's alpha ranged from 0.83 (moral norms/subjective 
norms) to 0.44 (attitudes) in Tanzania and from 0.81 (attitudes/intention) to 0.45 
(subjective norms) in Sudan (105). The more homogenous the items, the higher the 
correlation (Cronbach’s alpha), and therefore the more reliable the measure, indicating 
that the items comprising a scale measure the same underlying concept. Since the 
coefficient alpha is a function of the number of items comprising a scale, there might be 
problems with its use as a measure of consistency. Robinson (106) have maintained that 
an alpha coefficient above 0.80 is exemplary, in the range between 0.70 and 0.79, 
extensive, whereas an alpha coefficient in the range 0.60-0.69 indicated internal 
consistency below moderate level for attitudes whereas the other constructs had 
exemplary alpha coefficients. 
4.1.2 Validity 
A measure, test or scale is said to be valid if it measures what it claims to measure (101). 
Internal validity deals with the question of whether a true measure is obtained for the 
subjects under study. External validity relates to whether it is permissible to generalize 
findings from the sample to a wider population (98).  
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4.1.2.1 Internal validity 
For optimal diagnosis of dental caries, x-ray units, adequate lighting and patient’s dental 
records to obtain reasons for missing teeth would be required. The oral examination was 
carried out in a clinical setting offering the required circumstances for optimum diagnosis 
of dental caries. All oral examinations were performed by one researcher who had been 
working in the out-patient clinic for one month prior to the start of the data collection. 
Registration of the clinical data was performed in accordance with the WHO 
recommendation of DMFT  (95). Using this field method for data collection, the 
possibility of misclassification by underreporting the prevalence of dental caries cannot 
be ruled out as a 100% correct caries diagnosis requires a more sophisticated clinical set 
up with use of X-ray units, optimal cleaning and drying of teeth, adequate light etc. To 
limit biases in clinical registrations, the dentist (EN), was calibrated before the main 
survey. It was also ensured that the clinical examinations adhered to the criteria set for 
field surveys by the WHO (107). 
Survey I and II relies entirely on self-reported data. Common threats to the validity of 
self-reported data that can lead to information bias are social desirability and recall bias. 
Retrospective studies are always prone to recall bias and students’ ability to recall past 
events and interpret the questions might have influenced the validity of their answers, 
which indicates the respondents’ tendency to represent a favorable image of one-self. In 
addition, there is a possibility that socially desired and undesired behaviors have been 
over-and underestimated in both Surveys I and II. To overcome the problem, the 
questions utilized were sufficiently simple and unambiguous to facilitate interpretation. 
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The questionnaire was used previously and validated in Eastern Africa. Any type of 
validation may be considered construct validation addressing the degree of confidence 
that can be placed in the inferences drawn from scores and scales. Since construct 
validity is dependent on theory, the empirical tests of hypotheses derived from TPB 
(paper II) and Andersen’s model (paper III) is as much a test of validity as it is a test of 
those theories and models.  The magnitude of the correlations presented, and the findings 
harmonizing with the TPB indicate acceptable reliability and validity of the results.
4.1.2.2 External Validity 
The students investigated in Survey I and II might reflect the variety of characteristics of 
Sudanese and Tanzanian dental and medical students of that age attending respectively 6 
dental schools in Khartoum and the Muhimbili University of health and Allied Sciences 
in Dar Es-Salaam. Although Survey III provides valuable information on dental patients, 
it is not clear how close an approximation the present estimates are to the real situation in 
the general population of adults in Khartoum state. Thus, studies based on random 
samples from the general population are recommended subsequent studies to provide 
answers as to whether dental attendees and non attendees differ regarding their perception 
of HIV-related issues and contagion in the dental environment. A census of Sudanese and 
Tanzanian students were invited to participate in Survey I and II, and all patients 
attending the KDTH and UST hospitals during the survey period, taking this opportunity 
relied on each single eligible individual. Initial differences due to self-selection attrition 
might have created a divergence between the targeted student populations and the studied 
ones. A bias towards health conscious participants is a well-known problem in studies 
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where participation is voluntary (108). Nonetheless, lack of information about non-
respondents precludes any firm conclusion about selection bias and implies that the 
results of the present surveys should be drawn with caution. There was a good response 
rate (over 70 %) obtained in surveys I and II. These high response rates were probably 
due to the clear and appropriate information given to the respondents and to the pre-
testing exercises. 
4.2 Comments on the main findings 
4.2.1 HIV and AIDS-related knowledge, sources of information and need for further 
education among dental students  
Effective promotion of quality oral health care delivery in the context of HIV and AIDS 
requires information about dentists’ and dental students’ HIV-related knowledge, sources 
of information and their perceived need for further education. Sudanese students’ 
knowledge with respect to HIV and AIDS varied in different aspects. The proportions of 
students having accurate knowledge with respect to people at risk for HIV/AIDS and 
modes of HIV transmission varied from 38.5% to 86%. Totals of 56.4%, 53.9% reported 
informal education (media and reading materials) and formal education (lecture and 
health workers) as their main source of information regarding HIV and AIDS. Lack of 
knowledge regarding risk groups was also apparent as only 10% and 35% identified 
teachers and truck drivers as occupational risk groups. As in the present study, 
misconceptions on HIV-related issues have been identified among students elsewhere. 
Inadequacies with respect to knowledge of infection control practices have been reported 
among Brazilian dental students (65) and the knowledge about transmission of HIV-
infection among health workers in Tamatave has been found to be poor (109). About half 
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of the investigated Sudanese dental students recognized need for further education 
regarding HIV and AIDS. In comparison ABOUT 90% OF Japanese dental health care 
workers requested additional education(48). On the other hand, in a study of dental 
students in Iran, the majority was found to have excellent HIV and AIDS related 
knowledge (78.4 %) (52). In the present study, older students were in general more 
knowledgeable than their younger counterparts. This finding accords with those reported 
elsewhere suggesting that students' knowledge improves as they progress through their 
education programs (51). Similar results are reported in South African students (62). 
Privately funded dental school students reported better knowledge on risk groups and 
modes of HIV transmission than did their publicly funded dental school student 
counterparts. These differences might reflect variations in the HIV-related attitudes and 
behaviors of the private- and public dental faculties. It might also reflect variation in the 
amount of material, lectures and number of clinical encounters regarding HIV and AIDS 
that are offered to the students.  
4.2.2 Socio-cognitive predictors of dental students’ intention to treat HIV – infected 
patients  
As future health care workers the attitudes of medical and dental students towards 
delivering quality care to HIV infected patients is of particular concern. Effective 
promotion of quality care requires a thorough understanding of the psycho social 
determinants of students’ care delivery intentions. Progress in explaining and 
understanding health care workers willingness to care for patients with life threatening 
diseases (e.g. AIDS, SARS) has been impeded by lack of a theoretical approach. Ajzen’s 
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theory of planned behavior, TPB (1), was selected as a theoretical framework because it 
has been used successfully to predict other professional behaviors (110-113). Moreover, 
the TPB is valuable when it comes to the identification of psycho social determinants of 
health and oral health behaviors including the provision of quality care to patients with 
HIV and AIDS. Social cognition models have been widely used in research on health 
related behaviors generally (114-116). One of the main advantages of these theoretical 
frameworks is their usefulness when planning and conducting interventions, for instance 
educational approaches to the provision of quality care among health care workers, 
medical and dental students (115, 117). Few studies of HIV related- and other health 
related behaviors’ have applied social cognition models in the context of sub-Saharan 
Africa.  
Some researchers have claimed that social cognition models are most useful when 
planning interventions to influence health behaviors. Changes in behavioral intentions 
(and thereby also in behavior) are assumed to be produced by changing existing salient 
beliefs, making existing non-salient beliefs salient, or creating new salient beliefs (118). 
Although social cognition models have been widely used to predict and understand a 
variety of health behaviors (e.g. (6, 119), these models have been subject to substantial 
critique. The strong focus on social cognition factors and the perceived side of social 
influences may have hampered the research on “realistic” social influence processes. 
Eakin (120) maintained that in the field of workplace health promotion and occupational 
health and safety, studies of health behavior emphasize personal determinants rather than 
the nature of the work environment. Dressler & Oths (121) criticized health behavior 
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research for neglecting cultural factors and processes and for examining health behaviors 
narrowly in terms of individual motives and attributions. Thus, a major weakness of the 
study presented in Paper II, was that other important variables influencing dental 
students’ intention to care for HIV infected patients were not included in the analyses.
In the present study, both Tanzanian and Sudanese students demonstrated a strong 
intention to provide care for people with HIV and AIDS. Tanzanian students reported on 
average more positive attitudes, perceived control, moral norms and subjective norms 
than did their Sudanese counterparts. However, the two student groups differed 
significantly with respect to socio-demographic characteristics, which, in addition to 
other not measured variables might have confounded the country differences observed 
with respect to the TPB constructs. Sudanese students had also significantly less previous 
experience with HIV and AIDS than their Tanzanian counterparts. Thus, whereas 40.5% 
of Tanzanian students confirmed previous experience with HIV and AIDS infected 
patients, this yields only 9% of the Sudanese students. Nevertheless, attitudes and 
subjective norms were statistically significantly stronger predictors of behavioral 
intention among Sudanese students as compared to Tanzanian students. In the total 
sample of students, attitudes  was the strongest predictor of intention (beta 0.35) followed 
in descending order of importance by subjective norms, moral norms and perceived 
behavioral control. Thus, students’ norms in terms of perceiving significant others to 
support their caring for HIV infected patients and their moral obligations were 
significantly associated with behavioral intention. This appears to imply that in order to 
increase students’ intention to provide care for HIV infected patients, strengthening 
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attitudes and norms should be prioritized before modification of perceived behavioral 
control. This illustrates that the relative importance of TPB in influencing intention might 
differ according to the target group considered (115). Previous studies have identified 
perceived behavioral control as for instance the strongest predictor of nurses’ intention to 
care for SARS patients in Taiwan (17). However, other studies have also recognized the 
contribution of positive attitudes to nurses’ intention to care for AIDS patients (14). This 
study did not identify knowledge as an additional predictor of behavioral intention, 
although previous AIDS-related studies have shown a weak relationship between 
knowledge and intention after controlling for the TPB constructs (122). Studies have 
shown, however, that the  provision of HIV related information to improve knowledge 
might affect attitudes positively(123). According to TPB, the three predictors (attitudes, 
subjective norms, and perceived control) are to be considered as the primary predictors of 
intention, although other factors-such as personality, environmental, and demographic 
variables-may influence behavioral intention. One potential limitation of this study is that 
subsequent actual performance of oral health care for HIV infected patients was not 
asked for. However this calls for the collection of longitudinal data which is very difficult 
and expensive in large scale surveys like the present one. On the other hand, the TPB is 
also a theory of intention formation and the report of the predictive validity of the 
theoretical components in this process constitutes the major part of TPB-studies. A 
review of pertinent literature suggests that measures of intention typically account for 20-
40% of the variance in behavior in prospective studies (1). 
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The AIDS epidemic has had a tremendous impact, not only on the health of the public 
and health care facilities but also on health workers, including dentists in sub Saharan 
African countries. The present study adds insight for administrators and educators of 
dental personnel to further develop strategies to increase dental students’ intention to treat 
HIV infected patients and patients with other fatal contagious diseases. First enhancing 
positive attitudes and norms might be more important than merely increasing students’ 
HIV related knowledge, although the latter might contribute positively to their attitudes. 
Second, providing sufficient protective equipments, periodically announcing and 
practicing infectious control measures and protocols and providing up to date education 
may help to reinforce dental students perceived control in caring for HIV infected 
patients.  
4.2.3 Use of dental health care services in the Sudan 
In paper III we applied Andersen’s Behavioral model of Health services uptake (Figure 
1) to the explanation of use of oral health care services. According to this model use of 
health/oral health care services can be explained by a number of contextual and 
individual factors; predisposing factors, enabling resources and treatment needs (PEN). 
The interrelationship between those three categories of factors will determine the 
likelihood of personal use of dental health care services. Various predisposing and 
enabling factors might alter the use of health care services and the model suggests 
feedback loops, indicating that outcomes (e.g. use of health care services) might affect 
subsequent predisposing, enabling- and need related characteristics of individuals. Thus, 
Andersen’s model provides a scientific model for explaining oral health related behaviors 
in terms of individual and social determinants.  
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To date, the model has been applied in a variety of contexts, including oral health and 
most notably in the Second International Collaborative Study on Oral health Outcomes 
(ICSII) (124). This research has provided support to the relationships hypothesized within 
this model (22). See review of studies provided in (Table 2). 
In the study presented in Paper III, predisposing (i.e. socio-demographics) and need-
related factors (clinical- and non-clinical oral health indicators) were the strongest 
predictors of dental care utilization in the total sample, as well as separately among 
patients attending UST and KDTH. Accordingly, socio-demographics were found to be 
the most important determinants of dental health care utilization in USA, Burkina Faso 
and Spain (73, 78, 83, 84). A strong association between need related factors and use of 
dental health care services has been recognized in many previous studies (24, 71, 74, 76, 
82). Others studies have confirmed the enabling factors (income) as the  most important 
determinants of use of dental health care services (24, 125-127). The present results 
highlighting social inequalities in the use of dental health care among Sudanese patients 
point to a need for policies aimed at reducing such inequalities (72).  
Dental patients from UST reported more frequent use of dental services than those from 
KDTH. The more frequent use by females might be attributed to the fact that females are 
more conscious about their appearance and health, Motoi results supports several existing 
similar survey results such that females are more conscious of their health and have 
healthier lifestyles than males (128). Again gender difference may also predispose 
females to different degree and types of dental diseases (129-131). It appears that need 
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factors are the strongest predictors of dental care use, followed by the enabling and 
predisposing factors (table 1.2). 
Enabling factors in terms of knowledge on HIV-transmission, previous experience with 
HIV and AIDS, and perceived personal risk as a dental patient associated with use of 
dental care. Surprisingly, patients who reported good knowledge on HIV transmission 
tended to use dental care less frequently. This might be attributed to  misconceptions 
regarding how easily one could be infected  in dental practices, and may reflect distrust 
on the part of health workers’ in infection control practices. Chiamaka et al (132), 
suggests that as HIV and AIDS knowledge increases, so do positive feelings and views 
towards patients with AIDS. The present finding that (132) patients who perceived high 
infection risk for health workers reported  more frequent use of dental care, may also 
reflect a discrepancy between knowledge and attitudes. There was a high need for dental 
care with 66% and 55% having bad tooth condition and caries experience (DMFT>0), 
respectively. This might bee seen in light of limited access to dental care in Khartoum. 
The dentist population ratio in Khartoum state is 1.7: 100 000, whereas in South Africa 
this ratio is 1:10 649. Other dentist/population ratios, in Mauritius 19:100 000(133), 
Egypt 14:100000, Jordan  129: 100000, and Lebanon 121:100000 (134).  
Paper III showed that the components of Andersen’s behavioral model explained 18% 
and 16% of the variance in dental care utilization of UST and KDTH patients, 
respectively. Enabling factors contributed independently to the explained variance in use 
of dental care beyond that of predisposing- and need related factors. Being 
50
knowledgeable about modes of HIV transmission impacted negatively- whereas having 
positive attitudes towards HIV infected people impacted positively on dental care 
utilization. This suggests that disparities in dental care utilization of dental patients goes 
beyond socio-demographic position and need for dental care. Obviously there are other 
factors outside the remit of this paper, such as dental supply and affordability that might 
contribute to disparities in dental care utilization patterns. The present findings point to 
an urgent need for dental professionals and the government to improve public awareness 
of successful HIV infection control and the confidence placed on competences of dentists 
in order to minimize avoidance behavior and establish dental health care utilization 
patterns in this region. 
4.3 Conclusions 
• Sudanese dental students are not adequately prepared for treating patients with 
HIV infection and AIDS. 
• Sudanese and Tanzanian students’ attitudes, subjective norms, moral norms and 
perceived behavioral control are key factors in students' willingness to treat AIDS 
and HIV-infected patients. 
• The students' showed a strong intention for care delivery in the context of HIV 
and AIDS across Sudan and Tanzania. 
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• The students’ attitudes, knowledge, subjective norms, and behavioral control are 
essential in forming their intention. 
• Predisposing factors; (females) enabling factors; (positive attitudes towards 
infected people and high perceived risk of contagion), need related factors (dental 
caries experience) were strongly associated with dental care utilization. Thus, 
Disparity in the history of dental care utilization goes beyond socio-demographic 
position and need for dental care. 
• The behavioral models (TPB and Andersen model) are applicable and useful in 
developing countries is useful. 
4.4 Recommendations 
• Dental school curriculum in Sudan on regard to HIV-infection needs to be 
improved, with some considerations on differences between public and private 
dental schools when planning such improvements. 
• Interventions on the training of Sudanese and Tanzanian students should 
emphasize the importance of Students’ HIV-knowledge, attitudes, subjective 
norms and behavioral control aimed at improving the quality of health care 
delivery in the context of HIV and AIDS. 
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• Public awareness of HIV-infection control and confidence on the competence of 
dentists should be improved to minimize avoidance behavior and help establish 
quality dental health care service in Sudan. 
• Behavioral models should be applied in such and other aspects in oral health to 
help in better understanding of attitudes and behaviors of oral health personnel 
and dental patients. 
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Abstract
Background: Information on the HIV and AIDS-related knowledge among dental students provides a
crucial foundation for efforts aimed at developing an appropriate dental curriculum on HIV and AIDS, and
for attracting the attention of dental school educators towards the subject.
Purposes: Focusing on a census of dental students attending their 3rd, 4th and 5th study year at publicly –
and privately funded dental faculties in Khartoum, this study aimed to assess the prevalence and socio-
economic correlates of dental students' knowledge, sources of information and reported need for further
education related to HIV and AIDS.
Methods: At the time of the survey (March–May 2007), the total number of dental students registered
was 782 of which 642 (response rate 82%, mean age 21.7 year, 72% girls) completed anonymous self-
administered questionnaires in supervised class room settings.
Results: A total of 49% and 86% had correct sum scores with respect to knowledge of transmission
through contamination and through shaking hands and eating, respectively. About half the dental students
recognized a need for further education across HIV related issues, varying from 75% (basic HIV/AIDS
related issues) to 84% (patient management). Only 38% of the students had correct sum scores regarding
various occupational groups at risk for contacting HIV and AIDS. Multiple logistic regression analysis
revealed that compared to privately funded dental school students, publicly funded dental school students
were less likely to have correct knowledge about modes of HIV transmission (OR = 0.6) and occupational
risk groups (OR = 0.6) and to have received information from lectures/health care workers (OR = 0.5).
Conclusion: Students attending privately funded schools were more knowledgeable about various HIV
related issues than students from publicly funded schools. About half of the students investigated had
received HIV/AIDS information from various sources and reported need for further education. This
suggests that students are not adequately prepared for treating patients with HIV infection and AIDS and
that the dental school curriculum needs improvements. Differences between public and private dental
schools should be considered when planning such improvements.
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Background
Sudan is the largest country in Africa with a prominent
diversity in; culture, religion, languages and ethnicity.
Being bordered by nine countries, some having a high
prevalence of human immunodeficiency virus infection
and acquired immunodeficiency syndrome (HIV and
AIDS) and having experienced long term ethnical and
political conflicts, Sudan is vulnerable for an increase in
the prevalence of HIV and AIDS [1]. The first case of HIV
and AIDS in Sudan was reported in 1986 and in 2002 the
total number of cases reported had increased to 4004 [1].
As in other sub Saharan African countries, the main mode
of transmission is heterosexual, accounting for 97% of the
HIV positive cases. According to a population based study
conducted in 2002, the sero-prevalence was estimated to
be 1.6% [1]. Among women attending antenatal clinics,
sex workers, prisoners, soldiers, subjects infected with sex-
ually transmitted diseases (STDs) and university students
the prevalence of HIV and AIDS has been estimated to
vary between 0,5% (soldiers) and 4.4% (sex workers).
Moreover, evidence suggests that the HIV and AIDS prev-
alence among blood donors in Sudan have increased from
0.15% in 1993 to 1.4% in 2000 [1]. Sudan is currently rec-
ognised by the World Health Organization, [2] to be a
country with an intermediate HIV and AIDS prevalence
[1]
It is generally accepted that both dentists and other health
care workers should provide quality treatment and care to
all individuals indiscriminately [3]. Dentists have a pro-
fessional and ethical responsibility to provide treatment
to patients with HIV and AIDS, particularly since oral
lesions, such as hairy leukoplakia, candidiasis and
Kaposi's sarcoma, are commonly found in HIV-infected
patients [4,5]. Thus, Dental associations (Canadian Den-
tal association, American Dental Association) have issued
the recommendations that dentists are obliged to provide
quality care for patients with infectious diseases, includ-
ing HIV and AIDS. Because of the possible transmission of
HIV virus through direct contact with blood, the risk for
cross-infection comes into particular focus in dental prac-
tices [6]. Cross-infection can theoretically take place from
patient to patient, from dentist to patient and vice versa.
The estimated risk of HIV transmission from general prac-
tice dentists to their patients is recognized to be minimal
if infection control guidelines are strictly adhered to.
About 90% of the HIV infections among health care work-
ers occur in developing countries where occupational
safety is a neglected issue [7].
Fear of HIV contagion generates major concerns among
health care personnel and may produce a barrier to suc-
cessful educational efforts about AIDS. This might lead to
a variety of adverse outcomes such as unwillingness to
treat AIDS patients altogether [8]. Fear about contagion or
AIDS phobia have among other things been attributed to
lack of proper knowledge about HIV and its transmission
routes [9]. It has been suggested that health care workers
are deficient in appropriately managing and counseling
HIV and AIDS patients and lack sufficient knowledge of
symptoms as well as how to diagnose and treat infected
patients appropriately [10,11]. A study among medical
students in the United States of America revealed that over
half of the students investigated believed that treating
AIDS patients might be hazardous and that their educa-
tion had not prepared them to treat those patients safely
[8]. In a study from United Kingdom, dentists demon-
strated good knowledge regarding oral lesions associated
with HIV and AIDS, but were less familiar with HIV and
AIDS transmission routes [12]. Among Tanzanian health
care workers inadequate knowledge of treatment proce-
dures related to HIV and AIDS caused reluctance with
respect to providing care for HIV-positive patients [13].
Few medical students in Pakistan were found to have
accurate knowledge regarding symptoms of HIV and AIDS
and modes of HIV transmission, while most of them
expressed a need for further education [11]. Similar find-
ings have been reported among Turkish nurses and den-
tists in Kenya, Brazil, Singapore, South Africa and Iran
[14-18]. In Sudan, however, only limited information is
available in this area.
Purpose
One major step in preventing a widespread HIV-infection
and AIDS epidemic in Sudan is to make certain that den-
tists are prepared to recognize and treat HIV infected per-
sons and to counsel patients about risks that might lead to
infection. Valid knowledge about HIV transmission routes
and the HIV epidemiology is important in light of the
increasing epidemic and since students are in a process of
developing into their subsequent role as dentists in clini-
cal practices. Dental students in Sudan are trained in the
epidemiology; the microbiology and pathology (agent,
immunology, course and manifestation); and precaution
and prevention of HIV during their basic years (1st and
2nd years). In the 3rd, 4th and 5th years students' encoun-
ter with HIV patients becomes more apparent. It is upon
this background that the present study set out to assess
HIV and AIDS related knowledge, sources of HIV and
AIDS related information, and perceived need of further
education in dental students attending public and private
dental schools in Khartoum. Information regarding den-
tal students' HIV-related knowledge provides a crucial
foundation for efforts aimed at developing a curriculum
that provides clear and consistent information regarding
HIV and AIDS and might attract dental school educators'
attention to the subject of HIV and AIDS in Sudan.
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Methods
Study participants
The present cross-sectional study was carried out in April–
May 2007 among a census of dental students attending
the 3rd, 4th and 5th study year in 6 dental faculties in Khar-
toum, the capital of Sudan. A list of all the dental faculties
was obtained from the Ministry of Higher Education and
lists of all registered students in the 3rd, 4th and 5th years
were obtained from all faculties through the Dean's office.
The faculties included in this study were publicly and pri-
vately funded. Moreover, they represent all available den-
tal faculties in Sudan admitting clinical students and thus
include students from all over the country. The total
number of dental students registered by the time of the
survey was 782 (3rd, 4th and 5th graders) out of which 642
students (response rate 82%, mean age 21.7, 82% girls)
completed self-administered, anonymous questionnaires
in supervised (by teaching assistants) class-room settings.
The main reason for non-participation was absenteeism
on the day of the data collection.
Written informed consent was obtained from all partici-
pants. A formal ethics waiver was received from the
research committee at the University of Science and Tech-
nology. All included faculties provided approval letters
before conducting the study. Before being used in the
field, the questionnaire was reviewed by experienced local
researchers, dental academics and health administrators.
Measures
The survey instrument, constructed and administered in
English, contained 44 questions regarding HIV and AIDS
related knowledge, sources of information and need for
further education of dental students. This instrument has
been employed previously among university students in
East Africa [19].Sources of HIV and AIDS related information
were assessed using 6 questions, "How much information
about HIV and AIDS related issues have you received
from-1) lectures-, 2) radio/TV-,3) internet-,4) reading mate-
rials-, 5) friends/relatives-,6) health care workers". Each ques-
tion had response categories ranging from (1) "very
much" to (5) "non at all". For cross tabulation each ques-
tion was dichotomized into (0) "some/little information
received" (original categories 3, 4, 5) and (1) "much/very
much information received" (original categories 1, 2).
Two formative sum scores were constructed yielding
"Amount of information received from reading materials/
media" (information received from Radio/TV, internet,
reading materials, friends/relatives) and "Amount of infor-
mation received from lectures/health care workers" (informa-
tion received from lectures, health workers). For cross
tabulation and logistic regression analysis the sum scores
were dichotomized based on a median split yielding (1)
"very much/much information received from reading
materials/media and health care workers" and (0) "some/
little/none information received from reading materials/
media and health care workers".
Need for further education
6 questions were applied in terms of. "How do you rate
your need for further education regarding 1) basic HIV/
AIDS related topics, 2) patient management, 3) treatment
recommendations, 4) advice on referrals, 5) clinical man-
ifestations, 6) psycho-social complications". Each ques-
tion had a response category in the range (1) "no need" to
(4) "great need". For cross tabulation analysis each ques-
tion was dichotomized into (1) "moderate/great need"
(original categories 3, 4) and (0) "no need" (original cat-
egories 1, 2). A formative sum score was constructed based
on the 6 questions and labelled "Need for further informa-
tion on HIV and AIDS". The sum score was dichotomized
based on a median split into (1) "moderate to great need"
and (0) "slight need/no need" for use in cross tabulation
and logistic regression analysis.
Knowledge about modes of HIV and AIDS transmission was assessed 
using the statements
"HIV and AIDS can be transmitted by 1) using contami-
nated sharp instruments-, 2)unsafe blood transfusion, 3)
contaminated blood transfusion, 4) not transmitted
through shaking hands-, 5) not transmitted through eat-
ing with infected people". In addition, the students
replied to the statement "Condom use is safe prevention".
Each statement had response category in the range from
(1) "strongly agree" to (5) "strongly disagree". For cross-
tabulation each statement was dichotomized yielding (1)
= "correct knowledge" (original categories 1, 2) and (0)
"incorrect knowledge" (original categories 3, 4, 5). Two
sum scores were constructed from 5 variables yielding
"Transmission through contaminated instruments"(unsafe
blood transfusion, contaminated blood transfusion, con-
taminated sharp instruments) and "Transmission through
shaking hands and eating" (shaking hands, eating). in addi-
tion to the one item assessing "Condoms are safe preven-
tion". The two sum scores were dichotomized on a
median split into (1) = "Correct overall knowledge" and
(0) "Incorrect overall knowledge".
Knowledge of risk groups for HIV and AIDS, was assessed
using 6 statements with response scale (1) "correct", (0)
"incorrect". The students were asked "Is it correct or incor-
rect that university students, barbers, truck drivers, sol-
diers, teachers and health care workers are considered as
high risk groups by profession"? One formative sum score
was constructed from the 6 variables. For logistic regres-
sion analysis the sum score was dichotomized based on a
median split into (1) "Correct knowledge on occupa-
tional risk groups", (0) "Incorrect knowledge on occupa-
tional risk groups"
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Statistical procedure
Data were analyzed using the Statistical Packages for
Social Sciences (SPSS), version 15. Differences between
students from public and private institutions were ana-
lyzed using cross-tabulation and Pearson's chi-squared
test. Multivariate analysis was conducted by multiple
logistic regression analysis with odds ratio (OR) and 95%
Confidence Interval (CI). P-value for statistical signifi-
cance was set to 0.05.
Results
Characteristics of participants
A total of 642 students (mean age 21.7 yr, 72% females)
48.6% attending publicly funded and 51.4% attending
privately funded dental schools in Khartoum (3rd, 4th, 5th
year of study) participated in the study. The response rate
was 82%. A total of 32.7% and 23.1% (p < 0.001) of stu-
dents attending respectively, private and public dental
schools were males, whereas 42.2% of public dental
school students and 59.1% of the private dental school
students were in the older age group of 22–30 year (p <
0.001). Compared to the public dental schools, the pri-
vate schools had a higher proportion of students who
were smokers and who lived outside Sudan (p < 0.05).
Table 1 gives the percentage distribution of participants'
socio-demographic characteristics in public and private
dental schools in Khartoum.
HIV and AIDS information received from various sources
Lectures and Radio/TV were the most frequently reported
sources of information related to HIV and AIDS as
reported by 61% and 44% of the students, whereas infor-
mation from friends/relatives (31%) and health care
workers (39%) were less frequently reported. As shown in
Table 2, public dental students reported more frequently
to have received information from Radio/TV (63% versus
44%), whereas private dental students reported more fre-
quently than public dental students to have received
information from lectures (67% versus 53%). Private den-
tal students reported more often than their public dental
student counterparts that they had received much and
very much information from lectures/health care workers
(63% versus 44.6%, p < 0.001) (Table 2).
Perceived need for further education
About half of the students, 47.6%, confirmed a moderate
to high need for further education across topics related to
HIV and AIDS (Table 2). Substantial proportions of stu-
dents wanted to know more about the management of
HIV infected patients (84%), clinical manifestations
(81%), psycho social complications (80%), treatment rec-
ommendations (79%) and basic HIV and AIDS issues
(75%). Statistically significantly higher proportions of
students from public dental schools than from private
dental schools reported need for further education regard-
ing basic HIV and AIDS issues, patient management, treat-
ment recommendations, advice referrals and clinical
manifestations (p < 0.05) (Table 2).
Knowledge regarding people at risk for HIV and AIDS
Substantial proportions of students from both public- and
private dental schools classified correctly across various
occupational groups at risk for getting HIV -infection
(38.5%) (Table 3). Health workers (79.1%) and barbers
(74.5%) were the risk groups most frequently recognized,
whereas teachers (10.7%) and truck drivers (35.9%) were
less frequently recognized as risk groups in this context.
Knowledge about risk groups varied across institutions
with higher proportions of private dental school students
than public dental school students classifying correctly
university students, truck drivers and teachers as occupa-
tional risk groups.
Table 1: Sample profile: Percentage distribution (n) of students' socio-demographic characteristics in public and private educational 
institutions.
Public university Private university Total
% (n) % (n) % (n)
Female 76.9 (240) 67.3 (216)** 72.0 (456)
Male 23.1 (72) 32.7 (105)* 28.0 (177)
18–21 yr 57.8 (178) 40.8 (131) 49.1 (309)
22–30 yr 42.2 (130) 59.2(190)** 50.9 (320)
Father's education-low 21.7 (67) 16.0 (52) 18.8 (119)
Father's education-high 77.6 (242) 82.7 (273) 80.2 (515)
Mother's education – low 56.5 (174) 49.5 (160) 52.9 (334)
Mother's education- high 45.6 (134) 51.6 (163) 48.7 (297)
Smoking ever- no 92.6 (289) 79.5 (260) 85.9 (549)
Smoking ever -yes 7.4 (23) 20.5 (67)** 14.1 (90)
Living in Khartoum 58.0 (181) 45.9 (151) 51.8 (332)
Living outside Sudan 42.0 (131) 54.1 (178)* 48.2 (309)
** p < 0.001
* p < 0.05
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Knowledge of HIV transmission modes
A majority of students had accurate knowledge regarding
modes of transmission with the proportions answering
each question correctly varying between 85% (do not
transmit by shaking hands) and 97% (transmission
through contaminated blood transfusion). About half the
students recognized condom use as a safe method of pre-
venting transmission of HIV. Knowledge of modes of
transmission did not vary statistically significantly differ
between students attending public- and private dental
schools. Good overall knowledge about transmission
through contaminated instruments (sum score) was more
frequently reported by private dental school students than
by their public counterparts (53.8% versus 43.9%, p <
0.05) (Table 3).
Socio-demographic correlates of indicators related to 
information and knowledge of HIV/AIDS
To control for possible effect of confounding, all sum
scores were regressed on several socio-demographic fac-
Table 2: HIV/AIDS related information received from various sources and need for further education by type of university.
Sources of information Public university Private university Total
% (n) % (n) % (n)
Lectures 53.8 (168) 67.8 (221)** 61.0 (389)
Radio/TV 50.0 (156) 38.4 (126)* 44.1 (282)
Internet 28.6 (89) 36.6 (119)* 32.7 (208)
Reading materials 34.5 (107) 35.6 (116) 35.1 (223)
Friends/relatives 29.8 (93) 32.8 (107) 31.3 (200)
Health care workers 33.3 (104) 45.1 (147)* 39.3 (251)
Sum score: Information from media/reading 54.2 (165) 59.4 (193 56.4 (358)
Sum score: Information from lectures/health care workers 44.6 (139) 63.0 (204)** 53.9 (323)
Need for further education
Basic HIV/AIDS issues 81.1 (249) 70.9 (232)* 75.9 (481)
Patient management 88.1 (274) 80.4 (263)* 84.2 (537)
Treatment recommendations 85.3 (262) 74.8 (243)* 79.9 (505)
Advice on referrals 81.2 (250) 72.4 (236)* 76.7 (486)
Clinical manifestations 86.1 (267) 77.9 (254)* 81.9 (521)
Psycho-social complications 83.2 (258) 78.2 (254) 80.6 (512)
Sum score: need for further information- 48.2 (145) 47.0 (151) 47.6 (296)
Percentages (n) of those who confirmed much/very much information received and moderate/great need for further information.
** p < 0.001, * p < 0.05
Table 3: Knowledge about HIV related issues versus type of university. Percentage (n) of those who replied correctly to the various 
items
Public Private Total
% (n) % (n) % (n)
Risk groups
University students 48.9 (152) 64.2 (210)** 56.7 (362)
Berbers 75.5 (234) 73.5 (239) 74.5 (473)
Truck drivers 24.8 (77) 46.5 (152)** 35.9 (229)
Soldiers 64.2 (199) 63.5 (207) 63.8 (406)
Teachers 6.4 (20) 14.7 (48)* 10.7 (68)
Health workers 87.4 (271) ** 71.3 (233) 79.1 (504)
Sum score: Knowledge of risk groups 30.7 (95) 46.0 (149)** 38.5 (244)
Modes of transmission
Condom safe prevention 46.9 (146) 53.0 (174) 50.1 (320)
HIV/AIDS transmits by unsafe blood transfusion 95.8 (299) 96.3 (316) 96.1 (615)
HIV/AIDS transmit by contaminated blood transfusion 97.4 (304) 97.0 (318) 97.2 (622)
------ transmits by contaminated sharp instruments 93.9 (293) 93.9 (307) 93.9 (600)
----do not transmit by shaking hands with infected persons 88.1 (275) 83.1 (271) 85.6 (546)
--------do not transmit by eating with infected persons 90.1 (281) 85.6 (280) 87.8 (561)
Sum score: Transmission through contaminated instruments 43.9 (137) 53.8 (176)* 49.0 (313)
Sum score: Transmission through shaking hands/eating 43.6 (278) 43.5 (275) 86.6 (553)
** p < 0.001
* p < 0.05
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tors in terms of type of educational institution, gender,
age, place of living and parents' education. As shown in
Table 4, compared to being a private dental school stu-
dent and having a father with high education, public den-
tal school students and students having fathers with low
education had reduced odds (OR = 0.6) for reporting
good knowledge regarding HIV transmission through
contaminated instruments. Public dental school students
and younger age groups were less likely than their coun-
terparts in the opposite groups to report information
received from health care workers/lectures (OR = 0.5) and
to have good knowledge on HIV and AIDS related occupa-
tional risk groups (OR = 0.6). Sum scores regarding infor-
mation received from media/reading material, perceived
need for further information, and HIV and AIDS transmis-
sion through handshaking and eating did not vary statis-
tically significantly with any of the socio-demographic
characteristics measured in this study.
Discussion
The present study is the first to assess detailed knowledge
regarding the modes of transmission of HIV-infection,
related aspects of infection control, sources of HIV infor-
mation and perceived need for further education regard-
ing HIV and AIDS among Sudanese dental students. The
findings are believed to be representative for dental stu-
dents attending 3rd, 4th and 5th study year in Sudan since a
census of available dental schools in Sudan was consid-
ered with a high response rate. The study group targeted
represents a restricted range of adults regarding age and
socio-economic background making it less probably that
social inequalities have contributed largely to the pattern
of results. On the other hand, universities might vary
regarding their format of instructions and in their atmos-
phere. Thus, universities vary regarding the type of stu-
dents they attract. This was apparent in that public dental
schools tended to have more female students and fewer
smokers than the private dental schools. In addition, pri-
vate dental schools encompassed older students living
outside Sudan probably reflecting the higher socioeco-
nomic status necessary of being in the position to attend
private universities. In accordance with the demography
of all higher educational institutions in Sudan, a larger
proportion of females than males participated in the
present study, reflecting the general progress in girls' edu-
cation going on in this country.
As shown in Table 3, the present results suggest that dental
students who should be aware of the latest information
regarding HIV and AIDS demonstrated moderate to good
overall knowledge with proportions having correct sum
scores on occupational risk groups, transmission through
contamination and transmission through shaking hand
and eating ranging from 38% to 86%. Moreover, the per-
centages having correct knowledge varied from 35%
(truck drivers as occupational risk groups) to 97% (trans-
mission through contaminated blood transfusion). These
figures show little difference from those obtained regard-
ing the knowledge level in the general population of 15–
24-year-olds from various countries, suggesting that about
50% have serious misconceptions regarding HIV trans-
mission. Lack of knowledge was also apparent among the
Sudanese dental students in that only 10% and 35% of
students correctly classified teachers and truck drivers as
occupational risk groups. Similar proportions of subjects
having misconceptions with respect to HIV related issues
have been identified in previous studies from industrial-
ized as well as non-industrialized countries
[12,15,17,18,20,21]. On the other hand, Brook [22]
found relatively sufficient knowledge about transmission
routes and high-risk group among Israeli high school stu-
dents. It should be noted that knowledge of the risk of
being infected with HIV attributed to occupational
groups, such as teachers and health care workers are sel-
Table 4: Socio-demographic factors associated with knowledge of transmission, amount of information received and knowledge on 






OR (95% CI) OR (95% CI) OR (95% CI)
Private institution 1 1 1
Public institution 0.6 (0.4–0.9) 0.5 (0.3–0.7) 0.6 (0.4–0.8)
Male 1 1 1
Female 1.2 (0.8–1.7) 1.2 (0.8–1.7) 1.0 (0.7–1.5)
22–30 yr (older) 1 1 1
18–21 yr (younger) 1.1 (0.7–1.5) 0.6 (0.4–0.8) 0.6 (0.4–0.8)
Father's education – high 1 1 1
Father's education low 0.6 (0.4–0.9) 1.1 (0.7–1.7) 0.7 (0.4–1.1)
Mother's education- high 1 1 1
Mother's education – low 1.5 (1.1–2.1) 1.0 (0.7–1.4) 0.9 (0.6–1.3)
Living in Khartoum 1 1 1
Living outside Sudan 1.3 (0.9–1.8) 0.8 (0.6–1.2) 0.7 (0.5–1.0)
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dom certain. Thus, there is disagreement among experts as
to the relative importance of those groups when it comes
to their susceptibility for infection. Such disagreement
might explain differences in terms of private school stu-
dents rating the vulnerability of university students, truck
drivers and teachers higher than did their public dental
student counterparts, whereas public dental school stu-
dents rated the vulnerability of health care workers higher
than did private dental school students.
The observation that a substantial proportion of the par-
ticipants (79%) were concerned about the risk status of
health care workers might reflect a fear of contagion
among dental students. Previous studies have suggested
that between 26% and 90% of students of medical sub-
jects are concerned about HIV transmission from patients
[8]. It is evident that students' beliefs that working with
AIDS patients endangers their health might develop into
an unwillingness to treat AIDS patients altogether [23].
Generally, knowledge about HIV infection is recognized
as a critical component for the control and management
of this disease [24]. Several authors have attributed fear of
contagion to inadequate HIV and AIDS related knowl-
edge, whereas others have demonstrated a reduction in
fears through improved AIDS education [11,25]. Appar-
ently, there is a need for better professional education
concerning HIV and AIDS among health care workers
throughout the world. Proper training in medical and psy-
chological aspects of treating HIV positive patients has
been recognized as an effective method to change the atti-
tudes towards HIV and AIDS among dental health care
workers [25,26]. Evaluations of public educational pro-
grams in developed- and developing countries dealing
with prejudice reveal that the media images of the epi-
demic gradually become more positive and informative
leading to a gradual shift in attitudes among health care
workers.
Although a majority of the Sudanese dental students were
aware of the common transmission routes for HIV infec-
tion, their knowledge was less accurate with respect to
other HIV- and AIDS related topics. About half of the stu-
dents investigated reported need for continued education
considering HIV and AIDS and admitted having received
much information on from media/reading material and
lectures/health care workers (Table 2). The consistency of
the present findings suggest that Sudanese dental students
might be less well prepared for the task of treating patients
with HIV infection and AIDS and that the dental school
curriculum regarding HIV and AIDS needs some improve-
ments. The finding that between 75% (basic HIV related
issues) and 81% (clinical manifestations and psycho-
social complications) of the participants reported a need
for further education also suggests a recognition made by
them of AIDS being a threat to the Sudanese society. These
findings are similar to those reported by American and
European investigators one decade ago when the AIDS
epidemic was emerging [27]. Consistent findings have
also been reported previously in studies from developed
and developing countries [17,18,23,28]. A recent study of
dentists in Kenya revealed that the majority reported hav-
ing a need for further HIV and AIDS education [16].
Lectures (61%), media (44%) and health care workers
(39%) were the most frequently reported sources of HIV
information among both public and private dental stu-
dents. The sources of AIDS information reported in this
study are similar to those identified previously among
dental health care workers from Europe, USA, Japan and
Iran, as well as in students of medical subjects from Iran
and Pakistan [14,26]. The present results are in contrast to
a study of Japanese dental health care workers where TV
and newspapers were cited as the most common source of
AIDS related knowledge [26]. Sudanese dental students
rating TV and Radio as a less common AIDS informational
sources this has to be viewed in light of how this topic has
been evaluated by the Sudanese national media. Recog-
nized as sensitive sexually related issues, Sudanese media
has not yet been in favor of public educational campaigns
considering HIV and AIDS [29]. Dental health care work-
ers in Netherlands and Italy cited scientific journals and
continuing educational courses as their most important
source of HIV related information. In contrast, Sudanese
dental students reported dental reading materials as a rel-
atively less common source of information thus highlight-
ing a deficiency in their current education curricula
concerning HIV and AIDS.
Analyzing all sum scores of HIV-related knowledge
according to demographic covariates in multiple logistic
regression analyses made it possible to control for con-
founding influences and to identify the independent
effect of each socio-demographic factor. Notably, both in
univariate- and multivariate analyses there was a consist-
ent trend of public dental students showing less accurate
knowledge about HIV and AIDS related issues than their
private dental student counterparts. This reflects the exist-
ence of a social gradient among students attending differ-
ent parts of the Sudanese educational system. Compared
to public dental students, private students were mainly
older, included lower proportions of women and higher
proportions of subjects that were living outside Sudan
indicating the higher socio-economic status needed to be
able to attend privately funded and governed universities.
As compared to students attending private institutions
and having father's of high education, students from pub-
lic dental institutions and those having father's with low
education were less likely to be knowledgeable about
modes of HIV transmission. Moreover, public dental stu-
dents tended to be less likely to have received information
BMC Public Health 2008, 8:286 http://www.biomedcentral.com/1471-2458/8/286
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from health workers and lectures and to be knowledgea-
ble about risk groups. These differences might reflect var-
iations in the HIV related attitudes and behaviors of the
private- and public dental faculties as well as variation in
the amount of material, lectures and number of clinical
encounters regarding HIV and AIDS that are offered to stu-
dents. The trend of younger students having less accurate
knowledge than their older counterparts across HIV
related issues corroborate previous findings among Paki-
stani medical students and suggests that students' knowl-
edge level improves as they progress through their
education programs [11].
The results of the present study should be interpreted with
caution since it is limited by the use of self-administered
questionnaires and not by interviews which are most
commonly used in non-occidental settings and by the
inclusion of students volunteering to participate. It might
be argued, however, that anonymous self reports is more
reliable than interview data in that the respondents are
less prone to the pressures of social demand emanating
from conversation face to face with a research assistant
[30]. Moreover, the questions employed were sufficiently
simple and unambiguous to achieve a reasonable degree
of validity on the different variables. In fact previous
researches have found such self- reports to be quite relia-
ble.
Conclusion
The results of the present study revealed that Sudanese
dental students have deficiencies with respect to their
knowledge and amount of information received on HIV
and AIDS related topics. This deficiency was more fre-
quently observed in public dental students than in their
private dental student counterparts. The results indicate
that dental students in Sudan are less well prepared for
their future task of treating patients with HIV infection
and AIDS and highlight a need for improving the dental
school curriculum regarding HIV and AIDS. Dental school
based differences in terms of privately and publicly
funded schools should be considered when planning
improvements in the HIV and AIDS curriculum. Thus, the
present findings might serve as a wake up call for dental
program directors to explore further how well graduating
students in the different institutions are prepared to treat
patients at risk of or infected with HIV and AIDS. Dental
students' interest in this topic, as revealed by their recog-
nition of a need for further education reflects a suscepti-
bility for change that should be both supportive and
encouraging for dental educators in their efforts towards
improving dental education on HIV and AIDS related top-
ics in Sudan
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Abstract
Background: The HIV epidemic poses significant challenges to the low income countries in sub
Saharan Africa (SSA), affecting the attrition rate among health care workers, their level of
motivation, and absenteeism from work. Little is known about how to deal with deterioration of
human resources in the health care systems. This study aimed to predict the intention to provide
surgical treatment to HIV infected patients among medical- and dental students in Tanzania and
Sudan using an extended version of the Theory of Planned Behaviour (TPB).
Methods: Four hundred and seventy five medical- and dental students at the University of Dar es
Salaam (mean age, 25 yr) and 642 dental students attending 6 public and private dental faculties in
Khartoum (mean age 21.7 yr) completed self-administered TPB questionnaires in 2005 and 2007,
respectively.
Results: Both Tanzanian and Sudanese students demonstrated strong intentions to provide care
for people with HIV and AIDS. Stepwise linear regression revealed that the TPB accounted for 51%
(43% in Tanzania and Sudan) of the variance in intention across study sites. After having controlled
for country and past behaviour, the TPB in terms of attitudes, subjective norms and perceived
behavioural control accounted for 34% and moral norms for an additional 2,3% of the explainable
variance in intention. Across both study sites, attitudes were the strongest predictor of intention
followed in descending order by subjective norms, moral norms and perceived behavioural control.
Conclusion: The TPB is applicable to students' care delivery intentions in the context of HIV and
AIDS across the two SSA countries investigated. It is suggested that attitudes, subjective norms,
moral norms and perceived behavioural control are key factors in students' willingness to treat
AIDS and HIV infected patients and should be targets of interventions aimed at improving the
quality of health care delivery in this context.
Background
An estimated 22 million people were living with HIV and
AIDS in sub-Saharan Africa, SSA, at the end of 2007 [1].
The United Republic of Tanzania had an estimated 1.6
million people living with HIV and AIDS as of the end of
2003 [1]. Sudan, the biggest country of the SSA continent,
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is currently recognized by the World Health Organization
to suffer an intermediate HIV and AIDS prevalence of
1.6% [1]. The HIV epidemic poses significant develop-
ment challenges to the low income countries in SSA [2]. It
affects the attrition rate among health care workers, their
level of motivation, professional practices and absentee-
ism from work [2]. To date, little is known about how to
deal with the deterioration of human resources in the
health care systems.
Due to the method of transmission of HIV virus through
direct contact with blood, the risk for cross-infection
comes into particular focus in medical and dental prac-
tices [3]. Over 90% of the HIV infections occurring among
health care workers annually stem from developing coun-
tries where occupational safety is a neglected issue [4].
Although the risk of transmission in health care settings
has been recognized to be low, fear of illness, contagion
and death has influenced health workers' attitudes and
thus the quality of care provided towards patients with
HIV [5-7]. Increased personal risk, lack of necessary skills,
knowledge gaps, difficulties in dealing with staff worries
and concern about loosing other patients are the most fre-
quent complaints [8-12]. A recent publication focusing on
dental students in Khartoum, Sudan, revealed that half of
the participants reported a need for further education
across HIV and AIDS related issues, suggesting they are
not adequately prepared for treating HIV infected patients
[8]. Unacceptable knowledge and practice as well as gaps
in the availability and access to policies and protocols on
the part of health care workers have been observed in sev-
eral sub-Sahara African countries [11,13-17]. According to
the World Health Organization (WHO), dentists have a
professional and ethical responsibility to treat patients
with HIV and AIDS [18-20]. The importance of training
dental and medical staff to provide health care to HIV
infected patients at the same level as non-infected people
have been widely recognized [17,19]. As future health care
workers, the attitudes of dental and medical students
towards delivering high quality care for HIV infected
patients are of particular concern. Effective promotion of
quality health care delivery in the context of HIV and
AIDS requires a thorough understanding of the psycho-
social determinants of students' intention to provide care
to HIV infected patients. Ajzen's theory of planned behav-
iour (TPB) is a valuable model for identifying the determi-
nants of health behaviours, including quality health care
provision for patients with HIV and AIDS [21].
Theoretical approach
The TPB [21] constitutes a promising framework for
understanding and predicting social behaviours (Figure
1). The TPB includes perceived behavioural control on a
level with attitude and subjective norm as predictors of
behavioural intention. This theory implies that the three
predictors influence subsequent behaviour indirectly
through behavioural intention. The TPB posits that behav-
ioural intention is a function of attitude, reflecting a
favourable or unfavourable evaluation of the particular
behaviour and subjective norm, referring to the perceived
social pressure to perform the behaviour. Perceived
behavioural control reflects the ease or difficulty associ-
ated with performance. Attitudes, subjective norms and
perceived behavioural control are underpinned by behav-
ioural, normative and control beliefs, respectively. A
number of studies have suggested that past behaviour has
a residual effect on behavioural intention after the TPB
has been taken into account [22,23]. Thus, Ajzen [21] sug-
gested that the TPB is open to the inclusion of additional
variables if it can be shown that they capture a significant
proportion of the outcome variance.
The TPB has been applied successfully to a range of
domains, including HIV related behaviours, particularly
condom use [24-28]. With respect to occupational behav-
iour, the TPB has predicted health workers' use of gloves,
their intention to provide home-care for HIV infected
patients, their adherence to universal precautions for ven-
ipuncture and their intention to provide professional
labour support [29-33]. The TPB has been used previously
in sub-Saharan African settings to predict HIV protective
behaviours, however mostly by small scale studies [27]. It
has been advocated that the applicability of socio-cogni-
tive models to the African context should be systemati-
cally addressed considering the need for theory-based
research in the planning of effective HIV and AIDS related
educational programs [34,35].
This study extends analyses of external variables within
the TPB in the context of health care delivery by adding
past behaviour and moral norms from Triandis' Theory of
Interpersonal Behaviour [36]. Personal normative belief
or moral norms represents a measure of the personal feel-
The theory of planned behaviour (Ajzen 1991)Figure 1








BMC Health Services Research 2009, 9:213 http://www.biomedcentral.com/1472-6963/9/213
Page 3 of 8
(page number not for citation purposes)
ings of moral obligations or responsibility to perform or
refuse to perform a given behaviour. Studies of moral
norms in the context of the TPB were reviewed by Conner
and Armitage [24] who estimated that across investiga-
tions moral norms predicted an additional 4% of the var-
iance in intention after controlling for the TPB. Moreover,
studies on the Theory of Interpersonal Behaviour have
consistently shown that moral considerations are signifi-
cant predictors of behavioural intentions in the presence
of the TPB [37]. Focusing on medical and dental students
from Tanzania and Sudan, this study aims to predict the
intention to provide surgical treatment to patients with
HIV and AIDS as part of future professional work, using
the TPB and moral norms. The hypotheses of the present
study were:
-attitudes, subjective norms and perceived behavioural
control will each contribute positively and statistically sig-
nificantly to the prediction of intention to provide surgery
treatment to HIV and AIDS infected patients
-moral norms will add significantly to the prediction of
behavioural intention over and above the TPB
Methods
Tanzanian Study group
A cross-sectional survey was carried out from June to Sep-
tember 2005 at Muhimbili University College of Health
and Allied Sciences (MUHAS) at the University of Dar-es-
Salaam. The target population consisted of students
attending the faculties of dentistry and medicine. A total
of 1,021 (862 medical and 159 dental) students were
enrolled at the college in 2005. Six hundred students (100
students in each study year) attending the 1st to the 5th
study year were invited to participate. A total of 476 stu-
dents agreed to participate and 454 students (response
rate 75.6%), mean age 25.6 (sd 2.6), 22.5% females com-
pleted supervised self-administered structured question-
naires at the faculty in class-room settings.
Sudanese Study group
A cross-sectional study was carried out from April to May
2007 among a census of dental students attending dental
faculties in Khartoum, the capital city of Sudan. A list of
all the dental faculties was obtained from the Ministry of
Higher Education and lists of all registered students in
their 3rd, 4th and 5th years were obtained from all faculties
through the Dean's office. The faculties included in this
study were both publicly and privately funded. Moreover,
they represented all available dental faculties in Sudan,
making potentiating admission from all over the country.
The total number of dental students registered by the time
of the survey was 782 out of which 642 students (response
rate 82%), mean age 21.7, (sd 1.9), 82% females com-
pleted self-administered, anonymous questionnaires in
supervised (by teaching assistants) class-room settings.
The main reason for non-participation was absenteeism
on the day of the data collection. More information
regarding the sampling, recruitment and data collection is
available in a previous publication [8].
Ethical clearance
Written informed consent was obtained from all partici-
pants in both countries. A formal ethics waiver was
received from the research committee at the University of
Science and Technology in Sudan, the Research Commit-
tee at MUHAS, Tanzania and from the Regional research
committee of Norway (REK VEST).
Survey instrument
Identical survey instruments were used at both sites.
Before administration in the field, the questionnaire was
reviewed by experienced local researchers, dental academ-
ics and health administrators. The survey instrument was
adapted from instruments previously employed in SSA
[38]. In Tanzania, the survey instrument was constructed
and completed in English. In Sudan, the survey instru-
ment was constructed in English, translated into Arabic
(the Sudanese national language) and then back trans-
lated into English by independent language experts. The
survey instrument covered socio-demographic factors and
each component of the TPB developed according to the
guidelines proposed by Ajzen and Fishbein [39].
Variables and measurements
Intention to provide surgical treatment to patients infected with
HIV/AIDS as part of future professional work was measured
by three items. E.g. "How likely is it that you will provide-
-------". The respondents indicated their subjective proba-
bility along a five point response scale from (1) very
unlikely to (5) very likely. A sum score was constructed
from the three items.
Attitudes- were measured by 5 items, three positively
worded and two negatively worded. Responses were
recorded on a five-point scale ranging from (1) strongly
disagree to (5) strongly agree. A sum score was con-
structed after positively worded items were reversibly
scored.
Subjective norms were measured by 4 items in relation to
all my patients, community leaders, my family and my
teacher at the college. E.g. "My teacher at my college wants
me to provide surgical treatment to HIV and AIDS infected
patients as part of future professional work". Responses
were indicated on five-point scales ranging from (1)
strongly disagree to (5) strongly agree. A sum score was
constructed from the 4 items.
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Perceived behavioural control was assessed using one item,
"How easy or difficult is it for you to provide surgical treat-
ment to patients infected with HIV and AIDS as part of
future professional work? Responses were rated on a scale
ranging from (1) very difficult to (5) very easy.
Moral norms were assessed using 3 items "I I feel guilty if I
do not provide ----------". "I get a bad conscience if I do not
provide surgical treatment and "It is morally wrong for me
not to provide surgical treatment ". Responses were indi-
cated on a scale ranging from (1) strongly disagree to (5)
strongly agree. A sum score was constructed from the 3
items.
Past behaviour was assessed using a dummy variable in
terms of "Have you ever participated in the clinical treat-
ment of HIV and/AIDS infected patients". Answers were
provides as (1) yes and (0) no.
Statistical methods
Confirmatory factor analysis, CFA, with AMOS 16 was
employed to test the hypothesized measurement model
with respect to intention, attitudes, subjective norms and
moral norms, specifying the relationship between the
observed variables (indicators) and the underlying latent
variables (concepts). Thus CFA was used to test whether
the Tanzanian and Sudanese data were consistent with an
a priori hypothesized 4-factor model. The parameters of
the model were estimated with maximum likelihood
(ML) estimation. Missing data were assumed to be miss-
ing at random and was handled using the direct approach
in AMOS 16 [40].
The adequacy of overall model fit was estimated using chi-
square test statistics and the following supplemental fit
indices, root-mean-squared error of approximation
(RMSEA), the comparative fit index (CFI) and Akaike's
information criteria, AIC. In line with the conventional
recommendations of Hu and Bentler [41], a good model
fit was indicated by a RMSEA less or equal to .06, a CFI
greater or equal to .90 and with models having lower AIC
being more plausible. The statistical significance of
parameter estimates are the critical ratio (CR) representing
the parameter estimate divided by its standard error.
Based on a level of 0.05, the test statistics need to be <±
1.96 before the null hypothesis can be rejected. All other
analyses were performed using SPSS 15.0 (SPSS, Inc, Chi-
cago, Illinois, USA). Internal consistency reliability of-and
bivariate associations among the theoretical constructs
were assessed using Cronbach's alpha and Pearson's cor-
relation coefficients, respectively. Unadjusted and
adjusted marginal means and 95% confidence intervals
for the components of the TPB and the construct of moral
norm were estimated using General Linear Models, GLM
(ANOVA). Linear multiple regression analysis was applied
to predict intention from the TPB and external variables.
The effect of the independent variables were expressed in
terms of standardized regression coefficients (betas) and
tested for statistical significance by means of F-test. The fit
of the model was reported in terms of the squared multi-
ple correlation coefficient (R2).
Results
Sample characteristics
Of the 475 Tanzanian students, 17% were in the younger
age group (below or equal to 22 yr), 77.5% (368) were
males, and 25.4% (121) were in their 5th study year. The
corresponding figures pertaining to the Sudanese partici-
pants were 69.6% (438), 28% (177) and 36% (231),
respectively. Table 1 depicts the percentage distribution of
participants according to socio-demographics and coun-
try of residence. All socio-demographic characteristics var-
ied substantially and statistically significantly across the
two cultures considered.
Measurement model for the extended TPB
CFA indicated that an initially proposed 4-factor model
specified for the extended TPB questionnaire was not an
acceptable fit on any indices employed, neither with the
Tanzanian (2 = 308,057, df = 84, CFI = 0.91, RMSEA =
0.07, AIC = 380.0) nor with the Sudanese data (2 =
351,398, df= 84, CFI = 0.89, RMSEA = 0.07, AIC = 453.3).
Modification indices indicated some specified error terms
to co-vary and two cross loading from subjective norms
and moral norms to indicators of intention. Re-running
the model with the above suggested modifications indi-
cated acceptable fit for the Tanzanian (2 = 191,735 df =
79, CFI = 0.96, RMSEA = 0.05, AIC = 273.7) as wells to the
Sudanese data (2 = 281.058, df = 83, CFI = 0.92, RMSEA
= 0.06, AIC = 385.0). All factor loadings (standardized
regression weights) were in the expected direction and
were statistically significant at CR>1.96, with inter-factor
correlations ranging from 0.46-0.78 (Tanzania) and from
0.50-0.68 (Sudan). Thus, all inter-factor correlations were
below the threshold of 0.80 which is set as cut off to indi-
cate poor discriminative validity [41].
Descriptive statistics
Table 2 depicts unadjusted and adjusted marginal means
and 95% confidence intervals for the components of the
TPB and the construct of moral norm by country of resi-
dence. Country differences were estimated after control-
ling for potential confounding effect from socio-
demographic variables (age, gender, parental education,
study year) using General Linear Models, GLM (ANOVA).
In both countries, students had on average positive atti-
tudes, strong moral norms and strong intentions regard-
ing care delivery to patients with HIV and AIDS. Both
groups of students had on average moderately strong sub-
jective norms and perceived less control regarding this
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behaviour. Tanzanian students had on average more pos-
itive attitudes and stronger intentions, perceived control,
moral norms and subjective norms compared to their
Sudanese counterparts. Internal consistency reliability in
terms of Cronbach's alpha ranged from 0.83 (moral
norms/subjective norms) to 0.44 (attitudes) in Tanzania
and from 0.81 (attitudes/intention) to 0.45 (subjective
norms) in Sudan.
Prediction of intention to provide surgical treatment to 
patients with HIV and AIDS as part of future professional 
work
In Tanzanian and Sudanese students, the TPB compo-
nents, moral norms, and past behaviour were statistically
significantly associated with intention. In Tanzanian stu-
dents, Pearson's correlation coefficients ranged from r =
.52 between attitudes and intention to r = .14 between
past behaviour and intention. In Sudanese students, Pear-
son's correlation ranged from r = .54 between intention
Table 1: Percentage distribution (n) of participating students by socio-demographic characteristics and country.
Tanzania Sudan
% (n) % (n)
Age
Younger  22 yr 17.1 (79) 69.6 (438)
Older >22 yr 82.9 (383) 30.4 (191)**
Sex
Male 77.5 8368) 28.0 (177)
Female 22.5 (107) 72.0 (456)**
Father's education
Low (below university) 52.6 (246) 18.8 (119)
High (university) 47.4 (222) 81.2 (514)**
Mother's education
Low (below university) 71.4 (330) 52.9 (334)
High (university) 28.6 (132) 47.1 (297)
Year of study
1st - 4th study year 74.6 (355) 64.0 (410)
5th study years 25.4 (121) 36.0 (231)**
Preferred future workplace
Urban 78.5 (365) 86.7 (540)
Rural 21.5 (100) 13.3 (83)**
Past experience care to HIV infected patients
No 59.5 (270) 90.9 (501)
Yes 40.5 (184) 9.1 (50)**
**p < 0.001 *p < 0.05
Table 2: Unadjusted (sd) and adjusted estimated marginal means (95% CI) and Cronbach's alpha for the TPB constructs and moral 
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and attitudes to r = .03 between intention and past behav-
iour.
Table 3 depicts the results from hierarchical linear regres-
sion analysis assessing the fit of the extended TPB model
among Tanzanian and Sudanese students. Country and
past behaviour were entered in the first step explaining
15.7% (R2 change = 0.157, p < 0.001) of the variance in
intention. Adding attitudes, subjective norms and per-
ceived behavioural control in step 2 increased the
explained variance by 33.4% (R2change = 0.334 p <
0.001). Moral norm added in step 3 raised the explained
variance by 2.3% (R2 change = 0.023 p < 0.001). A total of
6 variables accounted for 51.4% of the variance in inten-
tion (43.7% and 43.9% in Tanzania and Sudan, respec-
tively). In the final equation, attitude was by far the
strongest predictor of intention (beta = 0.35), followed in
descending order by subjective norms (beta= 0.22), moral
norm (beta= 0.17), perceived behavioural control (beta =
0.16) and past experience (beta = 0.06). The effect of
country (beta = 0.35, p < 0.001) in step 1 was reduced to
(beta = 0.04, p = 0.099) in the final third step, whereas the
strength of the effect from past behaviour was maintained
from step 1 (beta= 0.08, p < 0.001) to step 3 (beta= 0.06,
p < 0.001). Statistically significant two-way interactions
occurred, in terms of country × attitudes (R2 change 0.007,
F change = 13.7, p < 0.001) and country × subjective
norms (R2 change 0.009, F change = 17.0, p < 0.001).
Stratified analyses suggested that the relationship between
attitude and intention and between subjective norms and
intention were statistically significantly stronger in Suda-
nese- than in Tanzanian students.
Discussion
This study supports the applicability of an extended ver-
sion of the TPB to students' intended care delivery for
patients with HIV and AIDS in two culturally different
sub-Saharan African countries. According to the CFA, the
extended TPB questionnaire reflected four concepts across
the study sites in terms of attitudes, subjective norms,
moral norms and intention, thus lending support to it's
within construct validity, formally. This appears to imply
that the four constructs underlying the TPB questionnaire
are discrete measures that can be reliably assessed in Tan-
zanian and Sudanese students and that those measures
can be reported as four summary scores.
A total of six variables explained 51% of the variance in
health care delivery intentions across study sites. After
having controlled for country and past behaviour, atti-
tudes, subjective norms and perceived behavioural con-
trol accounted for an additional 34% of the explainable
variance in intention. This finding is consistent with those
of previous studies, whereby the TPB has explained 68%
of nurses' intention to adhere to universal precautions,
48% of health workers' intention to provide home care for
HIV infected individuals, 35% of nurses' intention to care
for SARS patients and 70% of nurses intended labour sup-
port [29-33]. In line with a growing body of research sup-
porting the role of perceived moral obligations as an
independent predictor of intention, moral norms contrib-
uted 2.3% to the explained variance in students' inten-
tions after controlling for the TPB variables. This factor
which has moral connotations and represents personal
feelings of responsibility has been considered to be
important in the adoption of several health related behav-
iours [36,37]. Conner and Armitage [25] found that moral
norms contributed an additional 4% of the variance in
intention after controlling for the TPB across various
behaviours. The present results suggest that the TPB and
its extended version is useful in the SSA context in terms
of identifying correlates of health care delivery that can be
targets in interventions aimed at improving health care
delivery to HIV infected patients.
A major shortcoming of the TPB model has been its ina-
bility to account for the influence of past behaviour
[42,43]. Evidence from meta-analytical reviews suggests
Table 3: Intention to provide surgical treatment to HIV and AIDS patients by attitudes, subjective norms, perceived behavioural 
control and moral norms.
Model R R2 R2 change Betaa
Step 1
Country -0.05ns




Perceived behavioural control 0.70 0.491** 0.334** 0.16**
Step 3
Moral norm 0.71 0.51** 0.023** 0.17**
** p < 0.001, * p < 0.05
a Standardized regression coefficients (beta), final step
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that the addition of past behaviour to the TPB explains on
average 7% of the variance in intention [25]. In this study,
past experience significantly predicted intention after con-
trolling for the TPB and moral norms and left the cogni-
tive variables of the model almost unaffected. This
suggests that the TPB provides a fairly accurate description
of the intention formation process considering HIV and
AIDS related care delivery among Tanzanian and Suda-
nese students. Students decide upon care delivery for HIV
infected patients mainly as a consequence of situation
specific expectations of the behaviour itself and to a lesser
extent because they have engaged in similar care delivery
previously.
Tanzanian and Sudanese students had on average strong
intentions to provide surgical treatment to HIV infected
patients as part of their future professional work. In con-
trast, in a study of Taiwanese nurse students' care inten-
tions, almost all stated that they did not intend to care for
HIV infected patients [44]. In this study, intended health
care delivery was primarily driven by attitudes followed in
descending order of importance by social norms, moral
norms and perceived behavioural control in both coun-
tries. This finding is congruent with findings in other stud-
ies of treatment delivery and compliance with precautions
in health care workers [29-32]. This finding is also similar
to that reported by Sauls [33], who identified attitudes as
more influential in determining health care delivery
intentions than subjective norms. In contrast, Vermette
and Godin [30] found perceived behavioural control to be
the strongest influencing factor of nurses' intention to
provide home care for HIV infected people. Students who
did not express confidence in their ability to circumvent
difficulties associated with care delivery, who evaluated
care delivery negatively and who felt less normative pres-
sure from colleagues at the faculty and less moral obliga-
tions to act were less likely to have strong intentions.
These findings add insight to faculty administrators and
educators to further develop strategies to increase stu-
dents' intention to care for patients with HIV and AIDS.
Providing sufficient and adequate protective equipments,
routinely practicing infection control measures and proto-
cols and providing up to date continuing education and
training exercises should improve students' ability to over-
come perceived obstacles related to care delivery. Even
more important is the enhancement and reinforcement of
students' positive attitudes through verbal expression of
approval, persuasive messages based on strong argu-
ments, substantial rewards and psychological support by
faculty staff to encourage and acknowledge their efforts.
Students' decision to provide surgical treatment to HIV
infected patients was also influenced by their expectations
that faculty colleagues would approve their provision of
such treatment. In planning intervention programs, one
approach which could be particularly important among
students having less care delivery experience is to train
peer leaders to communicate the importance of quality
care for HIV infected patients. Interventions might also
benefit from making students' focus on moral obligations
by increasing their awareness of others' needs and their
perception that providing quality care could help relieve
such needs.
Some limitations of this study should be considered when
drawing inferences based upon its results. In Tanzania,
dental and medical students were recruited from one uni-
versity, thus the representativeness of the findings to other
undergraduate- and post-graduate students is unknown.
Self-selection might also be a potential limitation since
the students who chose to participate might differ from
those who did not implying that only students with inter-
est in health care delivery for HIV infected patients
responded to the survey invitation. Students might have
over reported intention to provide surgical treatment to
HIV infected patients because of social desirability bias.
However, a general effect of low reliability is weak associ-
ations between variables. Thus, the magnitude of the cor-
relations presented, and the findings harmonizing with
the TPB indicate acceptable reliability as well as validity of
the results. Past experience as assessed in this study was
limited to the extent that it provided no information
about the level and frequency of HIV and AIDS related
care delivery. Whereas the present findings support the
notion that the TPB model is applicable in the sub-Saha-
ran African context, it says nothing about the validity of
the model per se, only that the TPB is just as useful in sub
Saharan Africa as in other industrialized country contexts.
Conclusion
The TPB is applicable to students' intention to provide
health care to patients with HIV and AIDS across two sub-
Saharan African countries. It is suggested that attitudes,
subjective norms, moral norms and perceived behav-
ioural control are key factors in students' decision to treat
HIV infected patients and should be targeted in interven-
tions aimed at improving health care quality in the con-
text of HIV and AIDS.
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Abstract
Background: HIV infected patients should be expected in the Sudanese dental health care services
with an increasing frequency. Dental care utilization in the context of the HIV epidemic is generally
poorly understood. Focusing on Sudanese dental patients with reported unknown HIV status, this
study assessed the extent to which Andersen's model in terms of predisposing (socio-
demographics), enabling (knowledge, attitudes and perceived risk related to HIV) and need related
factors (oral health status) predict dental care utilization. It was hypothesized that enabling factors
would add to the explanation of dental care utilization beyond that of predisposing and need related
factors.
Methods: Dental patients were recruited from Khartoum Dental Teaching Hospital (KDTH) and
University of Science and Technology (UST) during March-July 2008. A total of 1262 patients (mean
age 30.7, 56.5% females and 61% from KDTH) were examined clinically (DMFT) and participated
in an interview.
Results: A total of 53.9% confirmed having attended a dental clinic for treatment at least once in
the past 2 years. Logistic regression analysis revealed that predisposing factors; travelling inside
Sudan (OR = 0.5) were associated with lower odds and females were associated with higher odds
(OR = 2.0) for dental service utilization. Enabling factors; higher knowledge of HIV transmission
(OR = 0.6) and higher HIV related experience (OR = 0.7) were associated with lower odds,
whereas positive attitudes towards infected people and high perceived risk of contagion (OR = 1.3)
were associated with higher odds for dental care utilization. Among need related factors dental
caries experience was strongly associated with dental care utilization (OR = 4.8).
Conclusion: Disparity in the history of dental care utilization goes beyond socio-demographic
position and need for dental care. Public awareness of HIV infection control and confidence on the
competence of dentists should be improved to minimize avoidance behaviour and help establish
dental health care patterns in Sudan.
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Background
The number of dentists in the public sector in Sudan has
increased from 244 to 512 in the period from 2003 to
2007 and the dentist population ratio in Khartoum state
(1.7:100000) is the highest in the country [1]. Dental care
utilization of the public in light of the Human Immuno-
deficiency Virus (HIV) epidemic is so far poorly under-
stood. With the exception of the Sudan the HIV epidemics
in the Middle East and North Africa is comparatively small
[2]. This is particularly so in Sub-Saharan Africa where an
estimated 22 million people were living with HIV and
Acquired Immune Deficiency Syndrome (AIDS) towards
the end of 2007 and where access to dental health care
services is commonly very limited [3,4]. In Sudan, the
largest country on the Sub Saharan African continent, the
prevalence of HIV and AIDS is still low. According to a
population based study conducted in 2002, the sero-prev-
alence was estimated to be 1.6% [5,6]. However, being
bordered by nine countries, some having a high preva-
lence of HIV and AIDS and having experienced long term
ethnical and political conflicts, Sudan is vulnerable for an
increase in the prevalence of HIV infections [5]. Thus, HIV
infected patients should continue to be expected in the
Sudanese dental health care services with an increasing
frequency.
Oral lesions might be encountered at an early stage of HIV
infection [7]. Weinert et al. [8] identified 16 oral condi-
tions that might occur in HIV infected patients, seven of
which can be suppressed by drug therapy. Oral health pro-
fessionals can contribute to early diagnosis, prevention
and treatment of HIV and AIDS infection [9]. Thus, it is
recommended that HIV infected individuals should see a
dentist regularly [10]. A number of studies have indicated
unwillingness on the part of dental professionals to treat
persons with HIV and AIDS due to fear of loosing non-
HIV infected patients [11,12]. Since cross-infection might
take place from patient to patient, from dentist to patient
and vice versa, the advent of the HIV pandemic with
increased awareness of cross infection among dental pro-
fessionals and the public, has necessitated introduction of
strict HIV protective procedures in dentistry [13,14]. How-
ever, poor compliance with standard infection control
procedures have been reported, for instance in the South
African Demographic and Health Survey of 1988 as well
as more recent studies [15-17].
Recent findings based on the 1998 Community Health
Assessment Project (CHAP) and the Behavioural Risk Fac-
tor Surveillance System (BRFSS) revealed that socio-
demographics in terms of race (whites more likely to visit
the dentist), income (higher income most likely to visit
the dentist), education (higher education more likely to
visit the dentist) and marital status (married most likely to
visit the dentist) are the most important determinants of
dental visiting habits in the general US population
[14,18,19]. Several other factors have been reported to be
associated with use of dental care, such as gender, non-
poverty status, having a positive attitude towards dental
health- and dental health care, having pain and being
dentate [14,19,20]. Little is known, with respect to the
public's HIV related knowledge, attitudes and fear of con-
tagion in the dental environment and how such percep-
tions impact dental attendance patterns. Humphris et al.
[21] reported that one third of the UK regular dental
attendees believed that there was at least a slight risk of
contracting HIV infection at the dental clinic. Lancaster et
al [22] reported common misunderstandings regarding
the public's knowledge about HIV and AIDS. In a Nigerian
study of public perceptions of cross-infection control in
dentistry, more than half of the respondents investigated
felt that they could contract an infection in the dental
clinic and 43% identified HIV as a risk [23]. Pistorius et al
[24] examined dental patients in Germany and found that
about 17% were generally afraid of contracting an infec-
tion at a dental office. Thomson et al [25] examined per-
ceptions of cross infection in dentistry among Australians
and found that 3.6% reported delayed or avoided dental
visits due to perceived cross infection, the avoidance rate
being highest in females and those who reported concern
about cross infection control. A Mexican study revealed
that only 21.2% of the study participants intended to con-
tinue treatment at a dental practice where patients with
HIV were treated and 20% had similar intentions if the
dentist was HIV positive [12]. To date, there has been no
study exploring dental care utilization in the context of
public knowledge of HIV and AIDS and perceived risk of
contagion in the Sudan.
This study applies Andersen's Behavioural model of
Health services uptake (Figure 1) to guide the selection of
variables to be associated with the utilization of dental
health care services in Sudan [26]. According to this
model, people's use of health service over a given period
is a function of predisposing factors, enabling resources
and treatment needs. Predisposing factors are based on
the proposition that socio-demographics such as age, gen-
der and ethnicity influence an individual's propensity to
use health care services. Enabling factors include eco-
nomic- and social resources that facilitate or impede use
of health care whereas need related characteristics refer to
the presence of clinically assessed and self-perceived dis-
ease status. Various predisposing and enabling factors
might alter the use of health care services and the model
suggests feedback loops, indicating that outcomes (e.g.
use of health care services) might affect subsequent pre-
disposing, enabling- and need related characteristics of
individuals.
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Focusing on a sample of Sudanese dental patients with
reported unknown HIV status, this study assessed the
extent to which the components of Andersen's model in
terms of predisposing factors (socio-demographics), ena-
bling factors (knowledge, attitudes and perceived risk
related to HIV and AIDS infection in dental practices) and
need related factors (clinically and self perceived oral
health status) predict dental care utilization in terms of
their relative contribution. It was hypothesized that ena-
bling factors in terms of HIV related knowledge, attitudes
and fear of contagion would add to the explanation of




The present cross-sectional study was carried out from
March to July 2008. Survey participants were recruited
from dental clinics at two teaching hospitals in Khartoum
state; Khartoum Dental Teaching Hospital (KDTH) and
University of Science and Technology (UST). In both hos-
pitals, all patients coming with dental complains are reg-
istered and then seen at the outpatients 'diagnostic'
department for oral examination. All patients between 20
and 60 years of age with reported unknown HIV and AIDS
status were invited to participate in the study. A total of
769 patients in KDTH (response rate 769/2650, 29.0%)
and 491 patients in UST (response rate 491/950, 52%)
consented to participate in a clinical examination, and an
interview. Pre-test and post-test counselling was arranged
before the conduction of the study. Reason for not partic-
ipating was mainly due to time constraints on the part of
patients and eagerness to receive the dental treatment. A
sample size of 1200 patients was assumed to be satisfac-
tory for a two-sided test assuming the proportion of den-
tal care utilization in the previous 2 years to be 0.15 and
0.20 in patients with respectively low- and high educa-
tion, a significance level of 5% and a power of 95%. Ethi-
cal permission was obtained from the Norwegian
Regional Ethical Committee, Sudan National AIDS Pro-
gramme (SNAP) and from the UST, and KDTH prior to
conduction of the study.
Oral Examination
One trained and calibrated dentist (EFN) conducted all
clinical examinations in dental clinic settings equipped
with an adjustable dental chair and artificial lightening.
Examination was conducted using disposable gloves, ster-
ilized dental mirrors, periodontal probes and dental
explorers. Dental caries was recorded using the Decayed,
Missing, Filled Teeth (DMFT) index, according to the
guidelines by WHO [27] and recorded 0 or 1 (no caries
experience, DMFT>0). Duplicate clinical caries registra-
tions with 2 months interval were carried out among four-
teen chair side dental assistants at UST. Intra examiner
reliability in terms of Cohen's kappa for the DMFT com-
ponents was 1.
Interviews
A structured face-to-face interview including, questions on
socio-demographic characteristics, oral health related
behaviours, sources of HIV and AIDS related information,
HIV related knowledge and attitudes was constructed in
English and translated into Arabic by a dentist and then
re-translated back to English by another dentist to check
for consistency in the language. Two dentists (a male and
a female) were assigned and trained for carrying out the
interviews. Patients were interviewed in a confidential
atmosphere while waiting for the clinical examination.
The behavioural model proposed by Andersen was
applied to identify variables to be considered relative to
the use of dental health care services.
Independent variables
Predisposing factors were assessed in terms of Socio-demo-
graphic factors; age, gender, hospital attended, profession,
level of education and travelling inside/outside Sudan
(Table 1). Enabling factors were assessed in terms of 1)
amount of information about HIV and AIDS received
from various sources, 2) knowledge on HIV transmission,
3) knowledge on HIV risk groups, 4) previous experience
with HIV/AIDS, 5) perceived personal risk of contracting
HIV AIDS, 6) attitudes towards people with HIV and
AIDS, 7) attitudes towards HIV dental clinics. Amount of
information about HIV and AIDS from various sources were
assessed using 4 questions "How much information
about HIV-related issues have you received from1) radio/
TV, 2) reading materials, 3) friends/relative, and 4) health
care workers". Each question had response categories rang-
ing from (1) "little" to (5) "very much". For cross tabula-
tion each question was dichotomized into (0) "some/
little received" (original categories 1, 2, 3) and (1) "much/
very much information received" (original categories 4,
5). A formative sum score was constructed and dichot-
Modified health service use behavioural modelFigur  1
Modified health service use behavioural model.
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omized based on a median split yielding (1) "very much/
much HIV information received" and (0) "some/little/
none HIV information received". Knowledge about modes of
HIV transmission was assessed using the statements: " HIV
can be transmitted by 1) using contaminated sharp instru-
ments, 2)unsafe blood transfusion, 3) shaking hands, 4)
eating with infected people". Each statement had response
category in the range from (1) "strongly disagree" to (5)
"strongly disagree" for statements 1 and 2, and (1)
"strongly agree" to (5) "strongly disagree" for statements
3 and 4. Each statement was dichotomized yielding (1)
"correct knowledge" (original categories 4, 5) and (0)
"incorrect knowledge" (original categories 1, 2, 3). A sum
score of knowledge on transmission was constructed from
the 4 dummy variables and dichotomized based on a
median split into (1) "Correct overall knowledge" and (0)
"Incorrect overall knowledge". Knowledge of risk groups was
assessed by 5 statements with responses (1) "correct" and
(0) "incorrect". The patients were asked "Is it correct or
incorrect that university students, barbers, prisoners, sol-
diers, and health care workers are considered as high risk
groups by profession"? One formative sum score was con-
structed from the 5 dummy variables. The sum score was
dichotomized based on a median split into (1) "Correct
knowledge on occupational risk groups" and (0) "Incor-
rect knowledge on occupational risk groups". Previous
experience with HIV and AIDS was assessed using 3 items in
terms of 1) "Have you known personally a person that is
HIV positive? 2) Have you known personally any person
that is sick with AIDS? 3) Have you known any person
who has died because of AIDS?" Response categories were
(1) Yes and (0) No. A sum variable was constructed from
the three dummy variables and dichotomized based on a
median split into 0 for "no experience" and 1 for "experi-
ence". Perceived personal risk of contracting HIV and AIDS
was assessed by one question "How do you rate your own
risk as a patient of contracting HIV and AIDS when attend-
ing dental practice. Responses were given on a scale in the
range (1) No risk to (4) Great risk and dichotomized into
(0) low risk (original categories 1, 2) and (1) high risk
(original categories 3, 4). Attitudes towards people with HIV
and AIDS were assessed by four statements; 1) I would go
and visit a friend/relative if I knew that he/she had HIV
and AIDS, 2) I would continue to be a friend with some-
one who got HIV-infection, 3) if a member of my family
became sick with HIV and AIDS I would want this to
remain secret, and 4) I would be willing to take care of
someone with HIV and AIDS. Responses were given on 5-
points Likert scales (1) strongly disagree to (5) strongly
agree. Dummy variables (0) negative attitude, (1) positive
attitude were constructed and added into a sum score. The
sum score was dichotomized based on a median split into
(0) for negative attitude towards people with HIV and
AIDS, (1) for positive attitude towards people with HIV
and AIDS'. Attitudes towards dental clinics were assessed by
three statements; 1) and AIDS should be allowed to attend
regular dental practices, 2) if a dentist/medical doctor has
HIV but is not sick they should be allowed to continue
their clinical work, 3) I would continue to visit a dental
clinic if I knew that and AIDS were treated there.
Table 1: Percentage distribution (n) of dental patients' socio-demographic characteristics (predisposing factors) in UST and KDTH 
hospitals:
Characteristic UST % (n) KDTH % (n) Total % (n)
Gender
Male 35.2 (173) 48.6 (373) 43.5 (548)
Female 64.8 (318)** 51.4 (394) 56.5 (712)
Age
 29 47.6 (233) 58.3 (447) 54.2 (682)
 30 52.4 (257) ** 41.7 (320) 45.8 (577)
Marital status
Single 43.0 (211) 48.0(369) 54.2 (682)
In relationship 57.0 (280) 52.0 (400) 45.8 (577)
Education
Primary/secondary 48.3 (237) 45.4 (349) 46.5 (586)
University and higher 51.7 (254) 54.6 (420) 53.5 (674)
Profession
Unemployed, other 62.0 (304) 57.6 (442) 59.3 (746)
Technical, office, skilled labour 38.0 (186) 42.4 (325) 40.7 (513)
Travelling inside Sudan
Yes 85.9 (420) 83.3 (639) 83.4 (1061)
No 14.1 (69) 16.7 (128) 15.7 (197)
Travelling outside Sudan
Yes 41.5 (203)** 26.9 (206) 32.6 (410)
No 58.5 (286) 73.1 (561) 67.4 (848)
** p < 0.001, *p < 0.05
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Responses were given on 5 point Likert scale (1) 'strongly
disagree to (5) strongly agree. Dummy variables were con-
structed and added into a sum score. This sum score was
dichotomized based on a median split into (0) for nega-
tive attitude towards dental clinics and (1) for positive
attitude towards dental clinics. Need related factors were
assessed in terms of "How do you perceive your general
health status"?, "How do you consider the present condi-
tion of your mouth and teeth with categories (1) good, (0)
bad and "Are you satisfied with the appearance of your
teeth with categories (1) satisfied, (0) dissatisfied.
Dependent variable
Use of dental services was assessed by asking "During the
past 2 years - have you attended a dental clinic in order to
receive treatment? Responses were given as (1) yes and (2)
no.
Statistical Methods
Data were analyzed using the Statistical Package for Social
Sciences version 15.0 (SPSS Inc., Chicago, Illinois, USA).
Bivariate analyses were conducted using cross-tabulations
and Chi-square statistics. Determinants of use of dental
care services were examined by multiple binary logistic
regression analysis using the logistic model and 95% Con-
fidence Interval (CI) whilst taking into account the hierar-
chical relationship between the various independent
variables, as hypothesized by Anderson's model [28].
After controlling for predisposing factors (socio-demo-
graphics) at step I, enabling factors and need related fac-
tors were entered in step II and step III, respectively.
Initially, multiple logistic regression analyses were con-
ducted with the variables at each step separately (includ-
ing all variables that were statistically significantly
associated with utilization of dental care in bivariate anal-
ysis). Variables to be included in the various steps of the
final hierarchical model were selected if p < 0.05 after
adjustment for all other "same step" variables.
Results
Sample profile- predisposing factors by hospital of 
attendance
A total of 1262 dental patients participated in the study
(mean age 30.7, Standard Deviation (SD) 8.5), 56.5%
females and 61.0% from KDTH. Most of the participants
(42.9%) resided in Omdurman city, followed by (31.4%)
in Khartoum city, (16.2%) in Khartoum North city, and
(9.5%) in other states. Table 1 gives the percentage distri-
bution of participants' socio-demographic characteristics
(predisposing factors) according to hospital of attend-
ance. The patients attending UST were less frequently
males (35.2% versus 48.6%), less frequently in the
younger age group (47.6% and 58.3%), and had more fre-
quently travelled outside Sudan (41.5% versus 26.9%) as
compared to their KDTH counterparts.
Enabling- and need related factors by hospital of 
attendance
Table 2 depicts the percentage distribution of sum scores
of enabling (information received about HIV-related
issues, knowledge on modes of transmission, knowledge
on risk groups, personal experience of HIV and AIDS, per-
ceived risk of HIV infection and attitudes towards dental
clinics and HIV infected people) and need related factors
(DMFT, perceived general and oral health) based on hos-
pital of attendance. Moderate proportions of patients
scored high on information received (39.5%), knowledge
on transmission (73.3%) and knowledge on risk groups
(66.8%). Moderate proportions had positive attitudes
towards HIV dental clinics (49.6%) and people with HIV
and AIDS (35.1%). A majority reported no experience
with HIV infected people (75.6%), fear of HIV contagion
in the dental environment (75.6%) and good oral
(56.3%) and general health condition (73.3%). Com-
pared with their UST counterparts, patients from KDTH
were more frequently satisfied with teeth condition
(50.2% versus 40.8%, p < 0.01), perceived less frequently
a good general health (71.1% versus 76.8%, p < 0.05),
and more frequently good teeth condition (61.0% versus
49.0%, p < 0.01). Compared with their UST counterparts,
KDTH patients had more frequently positive attitudes
towards dental clinics (39.0% versus 29.2%, p < 0.01),
but showed less frequently positive attitudes towards HIV
infected people (46.7% versus 54.1%, p < 0.05). The
mean DMFT was 7.23, (SD 4.6) and the proportion of
dental caries experience (DMFT>0) was 97.6%. The corre-
sponding proportions of subjects with DT>0, FT>0 and
MT>0 were respectively, 96.2%, 15.4% and 66.3%.
Predisposing-, enabling and need related factors 
associated with use of dental services during the past 2 
years
A total of 53.9% of the patients, 61.7% of the UST and
49% of the KDTH patients, confirmed dental treatment at
least once during the 2 years preceding the study. Of those
who confirmed dental attendance, 77.1% reported
attendance at least twice during that period. Table 3 and
Table 4 depict the frequency distribution of dental care
utilization by predisposing- enabling- and need related
factors. Use of dental service varied systematically
between male and females (43.7% versus 61.7%, p <
0.01) and between unemployed and employed patients
(56.5% versus 49.9%, p < 0.05). Patients having travelled
inside and outside Sudan reported dental visiting more
frequently than those who had not travelled. Use of dental
care varied with knowledge of HIV transmission, (55.8%
versus 48.5% in patients with low and high knowledge),
previous experience with HIV and AIDS (64.7% versus
50.4% in patients with less and more experience), per-
ceived personal risk as a dental patient (49.3% versus
57.1% in patients with low and high risk perceptions) and
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attitudes towards HIV infected persons (48.3% versus
59.4% in patients with negative and positive attitudes).
Use of dental care varied systematically with caries experi-
ence (20.0% versus 54.7% in patients without and with
dental caries).
Initial unconditional regression analysis with dental care
utilization as the dependent variable selected hospital
attended, gender, travelling inside Sudan, travelling out-
side Sudan, knowledge of HIV transmission, perceived
personal risk or HIV contagion, experience with patients
with HIV, attitudes towards HIV infected patients, caries
experience, perceived oral health status and perceived
general health status to be included in the final logistic
regression analysis. Predisposing factors in terms of hospi-
tal of attendance, gender, travelling inside/outside Sudan
were entered in the first step explaining 6.9% of the vari-
ance in use of dental care (Nagelkerke's R square 0.069, p
< 0.01). Entering enabling factors in step II in terms of
knowledge on HIV transmission, personal experience
with HIV/AIDS infected people, perceived risk of conta-
gion in dentistry and attitudes towards HIV infected peo-
ple raised the explained variance to 10.4% (Nagelkerke's
R squared 0.104, p < 0.000). Entering need related varia-
bles in step III in terms of DMFT status, perceived oral
health and general health raised the explained variance to
a final 16.8% (Nagelkerke's R square 0.168, p < 0.01)
(Table 5). In the final model, KDTH patients and patients
that had not travelled inside Sudan were less likely
whereas females were more likely to have attended dental
care for treatment than were their counterparts in the
opposite groups. Patients having high knowledge on
transmission and high HIV-related experiences were less
likely- and patients having positive attitudes and per-
Table 2: Frequency distribution of enabling- and need related factors by hospital of attendance
UST %(n) KDTH % (n) Total% (n)
Enabling factors
Information received
Low 57.7 (282) 62.3 (478) 60.5 (760)
High 42.3 (207) 37.7 (289) 39.5 (496)
Knowledge on transmission
Low 72.3 (355) 74.6 (572) 73.3 (927)
High 27.7 (136) 25.4 (195) 26.3 (331)
Knowledge on risk groups
Low 66.0 (305) 67.3 (432) 66.8 (737)
High 34.0 (157) 32.7 (210) 33.2 (367)
Previous experience with HIV/AIDS
Yes 27.1 (133) 22.8 (175) 24.5 (308)
No 72.9 (358) 77.2 (592) 75.6 (952)
Perceived personal risk as dental patients
Low 39.7 (195) 42.4 (325) 41.3 (308)
High 60.3 (296) 57.6 (442) 75.6 (952)
Attitudes towards people with HIV-infection
Negative 45.9 (225) 53.3 (409) 50.4 (634)
Positive 54.1 (265)* 46.7 (358) 49.6 (624)
Attitudes towards dental clinics
Negative 70.8 (347) 61.0 (468) 64.8 (815)
Positive 29.2 (143) 39.0 (299)** 35.1 (442)
Need related factors
DMFT
Zero 3.1 (15) 2.0 (15) 2.4 (30)
One or more 96.9 (476) 98.0 (754) 97.6 (1230)
Perceived general health
Bad 23.2 (113) 28.9 (222)* 26.7 (335)
Good 76.8 (375) 71.1 (545) 73.3 (920)
Perceived teeth condition
Bad 51.0 249)** 39.0 (299) 43.7 (548)
Good 49.0 (239) 61.0 (468) 56.3 (707)
Satisfaction with teeth condition
No 59.2(289)** 49.8 (382) 53.5 (671)
Yes 40.8 (199) 50.2 (385) 46.5 (584)
** p < 0.001, *p < 0.05
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ceived high risk of HIV contagion were more likely to have
used dental health care services than their counterparts in
the opposite groups. Patients with caries experience and
those who perceived good general health condition were
more likely-, whereas patients who perceived good teeth
condition were less likely to have attended dental care for
treatment (Table 5). Stratified analyses revealed that the
model explained 18% and 16% of the variance in dental
care service use in KDTH and UST respectively. Statisti-
cally significant two way interaction was identified
between perceived health- and DMFT status upon use of
dental care. Stratified analyses by perceived health status
revealed that among patients who perceived their health
status to be good, those with caries were more likely than
their caries-free counterparts to have visited a dentist dur-
ing the 2 years preceding the study (OR = 10.3 95% CI 2.3-
45.3). Among patient with bad health perceptions the
relationship between DMFT status and dental health care
services use was not statistically significant (OR = 1.8,
95% CI 0.5-6.3).
Discussion
This study is the first to confirm disparities in dental care
utilization of Sudanese adult dental patients according to
selected predisposing-, enabling- and need related factors.
In accordance with the propositions of Andersen's behav-
ioural model the present results confirmed the relation-
ships between dental care utilization and socio-
demographics (predisposing factors), HIV related knowl-
edge, attitudes and perceived risk (enabling factors) and
clinical (objective) - and subjective oral health indicators
(need related factors). This suggests that use of dental
health care services might be explained by variables
organized into the three conceptual domains of predis-
posing, enabling and need-related factors among Suda-
nese adults attending university referral hospitals in
Khartoum state. In addition, enabling factors, such as
knowledge of HIV transmission, perceived personal risk
of contagion, experience with HIV-infected people and
attitudes towards HIV infected people contributed inde-
pendently to the explained variance in dental care beyond
that of predisposing- and need related factors. Neverthe-
less, the model explained only 18% and 16% of the vari-
ance in dental care utilization in KDTH and UST,
indicating the importance of other influencing factors not
accounted for in the present study, such as culture, dental
cost, affordability and aspects of the Sudanese dental care
system itself. Predisposing and need-related factors were
the strongest predictors of dental care utilization in the
total sample, as well as separately in the samples from
UST and KDTH. Notably, it is not possible to assert that
the present results demonstrate the crude impacts of the
various factors considered since each could be biased by
background confounding factors. Moreover, the study
participants were patients attending two referral univer-
sity hospitals for treatment, implicating that individuals
who attended dental care for prophylactic- or other rea-
sons, were excluded from the study group. This might
have led to an overestimation of previous utilization rate
since dental attendees that were excluded might also be
low frequent users of dental care. They might also possess
HIV-related attitudes and perceptions that are different
from those of the respondents in the present study.
Although this study provides valuable information by
focusing on dental patients, it is unsure how close an
approximation the present estimates are to the real situa-
tion of the general adult population in Khartoum state.
Thus, studies based on random samples from the broader
population could be recommended for future studies to
provide answers to questions such as whether there are
differences among dental attendees and non attendees
regarding their perceptions of HIV-related issues and con-
tagion in the dental environment.
About half of the investigated patients, and UST patients
more frequently than KDTH patients, reported having
received dental care at least once during the 2 years pre-
ceding the study. Evidently, the percentage of regular den-
tal attendees varies across different populations. It has
been reported to vary between 24% and 26% among
adults in Tanzania and Nigeria, respectively [19,29,30]. In
Table 3: Percentage distribution (n) of use of dental service by 
socio-demographic characteristics (predisposing factors). 









More than 30 56.2 (323)
Marital status
Single 52.0 (354)
In relationship 56.2 (323)
Education
Primary and secondary 53.4 (313)
University and higher 54.2 (363)
Profession
Unemployed, other 56.5 (421)*







Percentages of those who confirmed dental care utilization during the 
2 years preceding the study.
** p < 0.001, * p < 0.05
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spite of the relatively high rate of dental attendance as
identified by the present study, about 96% presented with
untreated dental caries and half the sample was dissatis-
fied with their tooth condition (Table 2). Andersen's
health behaviour model proposes that efficient access to
health care services might be established when the level of
health status improves relative to the amount of health
care services received [26]. The present results indicating
high levels of untreated dental caries irrespective of dental
attendance frequency might point towards an inefficient
access to oral health care services in Sudan. The number of
dentists in the public sector in Sudan, has increased from
244 to 512 in the period from 2003 to 2007, which meant
the expansion of coverage as well as access to dental serv-
ices [1]. As shown in Table 4, higher rates of dental care
utilization were found among patients having dental car-
ies and perceiving a bad dental condition but also among
those who were satisfied with their general health status,
suggesting that the utilization pattern of health care serv-
ices for medical and dental problems differ [29]. Thus, the
burden from a bad general health condition might com-
pete with contemporaneous effects of oral health prob-
lems regarding dental care utilization. This reasoning was
supported by the identification of an interaction effect of
perceived health condition and dental caries, indicating
that dental caries did not impact utilization rates among
participants considering their health condition to be bad.
If a bad general health condition has higher priority com-
pared to oral health needs, members of the public that are
in bad physical condition will not receive appropriate lev-
Table 4: Percentage distribution of use of dental care by enabling- and need related factors. 













Perceived risk of health workers
Low 50.9 (327)
High 57.0 (350)*
Perceived personal risk as dental patients
Low 49.3 (257)
High 57.1 (420)
Attitudes towards HIV-infected persons
Negative 48.3 (307)
Positive 59.4 (369)**













Satisfaction with oral condition
No 55.7 (374)
Yes 51.8 (303)
Percentages of those who confirmed dental care utilization during the 2 years preceding the study.
P value < 0.05 = *, P value < 0.01 = **
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els of dental care. This accords with previous results in
terms of people reporting more unmet need for dental
health care than for general health care services [31].
Having been travelling inside Sudan and being a female
increased the odds of having received dental care during
the 2 years preceding this study. To the extent that travel-
ling reflects higher socio-economic position of the partic-
ipants, the present results accord with numerous studies
globally showing that use of dental care occurs more fre-
quently in females and socio-economically advantaged-
compared with males and socio-economically disadvan-
taged groups [19]. The finding that females were the most
frequent previous users of dental care is consistent with
their reported propensity to possess more health related
knowledge than men and also to be less likely to engage
in health deteriorating behaviours. Unexpectedly, unem-
ployed participants were more likely to use dental care
than were their employed counterparts (Table 3). This
result might reflect a "healthy worker effect" and also the
fact that unemployed have more time to visit dental clin-
ics than the employed part of the population. This finding
is consistent with what has been reported in previous
studies [10].








Step 1 Predisposing factors Total sample KDTH UST
Travelling outside Sudan
Yes 1 1 1
No 0.8 (0.6-1.0) 0.8 (0.6-1.2) 0.7 (0.4-1.1)
Travelling inside Sudan:
Yes 1 1 1
No 0.5 (0.4-0.8) 0.5 (0.3-0.8) 0.6 (0.3-1.2)
Gender:
Male 1 1 1




Nagelkerke's R2 = 0.069
Step II Enabling factors
Knowledge HIV transmission:
Low 1 1 1
High 0.6 (0.4-0.8) 0.7 (0.5-1.1) 0.5 (0.3-0.7)
Perceived personal risk:
Low 1 1 1
High 1.3 (1.1-1.6) 1.2 (0.8-1.6) 1.3 (0.9-2.0)
Experience HIV/AIDS:
Low 1 1 1
High 0.7 (0.5-0.8) 0.6 (0.4-0.9) 0.8 (0.5-1.3)
Attitudes towards HIV
infected people:
Negative 1 1 1
Positive 1.3 (1.0-1.6) 1.3 (0.9-1.7) 1.2 (0.8-1.8)
Nagelkerke's R2 = 0.104
Step III Need related factors
DMFT: 0 1 1 1
DMFT>0 4.8 (1.9-12.4) 2.1 (0.6-7.1) 14.9 (3.1-72.1)
Teeth condition:
Bad 1 1 1
Good 0.5 (0.3-0.5) 0.4 (0.2-0.5) 0.5 (0.3-0.8)
Health condition:
Bad 1 1 1
Good 1.9 (1.4-2.5) 2.7 (1.8-3.9) 0.9 (0.5-1.5)
Nagelkerke's R2 = 0.168
* Controlled for age
BMC Oral Health 2009, 9:30 http://www.biomedcentral.com/1472-6831/9/30
Page 10 of 11
(page number not for citation purposes)
Although the majority of the participants were of higher
education, most of them confirmed having received little
HIV information, confirmed low levels of knowledge on
transmission modes and risk groups, were un-experienced
with HIV infected people and feared HIV contagion in the
dental environment (Table 2). Whereas almost half of the
study participants reported positive attitude towards HIV
infected people, only a minority were in favour of ordi-
nary dental clinics treating HIV infected patients. The rel-
atively high level of fear of HIV infection observed among
the study participants (75%) might reflect a certain scep-
ticism about infectious control procedures taken by the
dentist although being able to see infection control meas-
ures in action is not identical to either interpreting those
measures or being aware their effectiveness. Studies from
South Africa identified lack of protective eye wearing dur-
ing dental procedures, not washing hands between
patients, not disassembling an item prior disinfection/
sterilization and not using sterile drill for each patient
[17]. Studies of Nigerian patients and patients from indus-
trialized countries have revealed that dental patients
expect adequate infection control procedures and are
informed that such measures are beneficial to both dental
staff and patients [23]. On the other hand, large propor-
tions of dental patients being totally ignorant to the steri-
lization methods utilized in dentistry have also been
reported [32]. In light of previous studies suggesting that
fear of contracting HIV tend to decrease with increasing
level of education [24], the present results suggest that
social resources related to HIV and AIDS seem to be influ-
enced by factors other than people's educational level.
Being knowledgeable about modes of HIV transmission
and having frequently been exposed to HIV and AIDS
infected people seems to have impacted negatively- or
acted as barriers towards dental care utilization (Table 4).
On the other hand, having positive attitudes towards HIV
infected people facilitated dental attendance. This is con-
sistent with recent findings among dental attendees in
Nigeria where about 60% of the study participants were
unwilling to attend a dental clinic if they knew that
patients with HIV were treated there [23]. Consistently, a
German study of dental patients revealed that about 10%
were in favour of separate waiting rooms for HIV infected
patients [24]. An unwillingness to attend dental care on
the part of patients being knowledgeable about transmis-
sion modes and experienced regarding HIV related issues
is consistent with the findings of previous studies. Robin-
son and Croucher [33] investigated asymptomatic
patients with HIV and found that among those who had
attended dental care previously, 51% stopped after testing
positive for HIV and AIDS. Personal experience with HIV
and AIDS acting as a barrier towards utilization of dental
care might be attributed to the fact that the estimated
prevalence of HIV and AIDS is still low in Sudan and with
a general trend of keeping HIV infection in secret [33].
Concern about HIV contagion in dental practice was asso-
ciated with more frequent use of dental care in the multi-
variate analyses which seems at first counterintuitive but
are consistent with findings among dental attendees in the
United States [34]. In contrast, studies from other indus-
trialized countries have shown that concern about HIV
contagion in dental practices increases the likelihood of
dental avoidance behaviour [25]. It is possible that among
those who expressed increased concern about HIV conta-
gion, anticipated impacts of not receiving dental care have
outweighed any perceived risk of cross-infection. Consid-
ering the cross-sectional design of the present study,
increased concern about HIV contagion in dental practice
might be a consequence of frequent experience with den-
tal care and with the application of improper cross-infec-
tion control procedures in the dental environments.
Conclusion
The present data have shown that the components of
Andersen's behavioural model explained 18% and 16% of
the variance in dental care utilization of UST and KDTH
patients, respectively. Enabling factors contributed inde-
pendently to the explained variance in dental care beyond
that of predisposing- and need related factors. Being
knowledgeable about modes of HIV transmission and
having positive attitudes towards HIV infected people
impacted negatively and positively on dental care utiliza-
tion. This suggests that disparities in dental care utiliza-
tion of dental patients goes beyond socio-demographic
position and need for dental care. According to the
present study, dental patients had received little HIV
information, confirmed low levels of knowledge on trans-
mission modes and feared HIV contagion in the dental
environment, whereas only a minority were in favour of
ordinary dental clinics treating HIV infected patients.
Together the present findings point to an urgent need for
dental professionals and the government to address these
disparities by improving public awareness of successful
HIV infection control and confidence placed on the com-
petences of dentists in order to minimize avoidance
behaviour and to help establish dental health care pat-
terns in this region.
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Questionnaire for Senior Dental Students
Request to participate in this research
We would like to request you to participate in this research. This research is regarding the HIV-infection 
and oral health. Our effort is aiming towards maintaining our services to the public. The role of the 
dentist is to prevent rather than cure. Dental services are considered as source of HIV-infection, thus 
we are required to maintain our knowledge and skills to prevent cross infections. The participation is 
voluntarily, the confidentiality of participant is secured. The results of this research are to be made 
accessible for the purpose of quality assurance in dental practice. We highly appreciate your 
participation in the research. 
We highly appreciate your acceptance in participating, 
The study group 
CONSENT FORM
I hereby declare that I have been fully informed about the research objectives, and I agreed voluntarily 
to participate. This participation is to contribute in the fight against HIV and AIDS. 
Signature of participant---------------------------------------------------- 
Date---------------------------------- 
Part (A): Demographic; (This part will assess your personal information, please answer all questions).
A.1. what is the name of your dental institute?  ------------------------------------------------------------          
A.2. which academic year of study are you in? 
1) Third  
2) Fourth year 
3) Fifth year   
A.3. what is your gender? 
1) Male    
2) Female       
A.4. what is your age?  -------------------- 
A5. Where have you lived for the most part of your life? 
1. City/town/urban  
2. Village/rural 
A.6. What is your father’s/guardian’s highest level of education?  
1. No education 
2. Adult education 
3. Primary school 
4. Secondary school 
5. University/college 
6. I do not know 
A.7. What is your mother’s /guardian’s highest level of education? 
 No education 
 Adult education 
 Primary school 
 Secondary school 
 University/college 
 I do not know 
A.8. where did you lived most of your life? 
a. Khartoum state 
b. Northern Sudan 
c. Eastern Sudan 
d. Western Sudan 
e. Southern Sudan 
f. Middle of Sudan 
g. Out of Sudan 
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A.9. Did you travel inside Sudan? 
1) Yes.                  
2) No. 
A.10. Did you travel outside Sudan? 
a. Yes.                  
b. No. 
A.11. Where would you prefer to do clinical work in the future? 
 Urban 
 Rural 





 Very poor 
A.13. have you ever smoked cigarettes? 
Yes 
No 
A.14. If yes- How often have you smoked cigarettes during the past three months? 
1. Every day 
2. Every week 
3. A few times 
4. Never 
Part (B): In the following we will present statements about sources of information of HIV /AIDS 
and the credibility of those sources (Choose the answer that fits you the best. Choose only one 
answer by putting a tick on the corresponding number of your answer, please answer all 
questions).
B.1. How much information about HIV/AIDS related issues have you received from lectures in dental 
school? 




5) None at all 
B. 2. How much do you trust the information about HIV /AIDS related issues that you received from 
lectures in dental school?




5) None at all 
B.3. How much information about HIV/AIDS related issues have you received from Radio/TV? 




5) None at all 
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B. 4. How much do you trust the information about HIV/AIDS related issues that you received from 
Radio/TV?




5) None at all 
B.5. How much information about HIV/AIDS related issues have you received from the internet? 




5) None at all 
B.6. How much do you trust the information about HIV/AIDS related issues that you received from the 
internet?




5) None at all 
B.7. How much information about HIV/AIDS related issues have you received from 
newspapers/magazines/books? 




5) None at all 
B.8. How much do you trust the information about HIV /AIDS related issues that you received from 
newspapers/magazines/books?




5) None at all 
B.9. How much information about HIV/AIDS related issues have you received from friends/relatives?  




5) None at all 
B.10. How much do you trust the information about HIV /AIDS related issues that you received from 
friends/relatives?




5) None at all 
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B.11. How much information about HIV/AIDS related issues have you received from health care 
workers? 




5) None at all 
B. 12. How much do you trust the information about HIV /AIDS related issues that you received from 
health care workers?




5) None at all 
In the following part we present statements about various HIV/AIDS related issues. We ask you to 
agree/disagree with the statements. Choose the answer that fits you the best. Choose only one 
answer by putting a tick on the corresponding number of your answer, please answer all 
questions
B.13. I think that my knowledge about HIV and AIDS is adequate 
1. Strongly agree  
2. Agree  
3. Neither agree nor disagree 
4. Disagree 
5. Strongly disagree 
B.14. I know more about HIV/AIDS than before I attended the university. 
1. Strongly agree  
2. Agree  
3. Neither agree nor disagree 
4. Disagree 
5. Strongly disagree 
B.15. Condoms are safe in preventing HIV/AIDS. 
1. Strongly agree  
2. Agree  
3. Neither agree nor disagree 
4. Disagree 
5. Strongly disagree 
B.16. HIV/AIDS transmits by unsafe blood transfusion 
1. Strongly agree  
2. Agree  
3. Neither agree nor disagree 
4. Disagree 
5. Strongly disagree 
B.17. HIV/AIDS is transmitted by contaminated blood transfusion. 
1. Strongly agree  
2. Agree  
3. Neither agree nor disagree 
4. Disagree 
5. Strongly disagree 
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B.18. HIV/AIDS can be transmitted by using contaminated sharp instruments. 
1. Strongly agree  
2. Agree  
3. Neither agree nor disagree 
4. Disagree 
5. Strongly disagree 
B.19. HIV/AIDS can be transmitted by shaking hands with infected persons. 
1. Strongly agree  
2. Agree  
3. Neither agree nor disagree 
4. Disagree 
5. Strongly disagree 
B.20. HIV/AIDS can be transmitted by eating with infected persons. 
1. Strongly agree  
2. Agree  
3. Neither agree nor disagree 
4. Disagree 
5. Strongly disagree 
B.21. HIV is diagnosed one a person has CD4 cell count less than 200 cells per mm3. 
o Strongly agree  
o Agree  
o Neither agree nor disagree 
o Disagree 
o Strongly disagree 
B.22. How do you rate your need for further information/education regarding basic HIV /AIDS related 
issues? 
1.  No need 
2.  Slight need 
3.  Moderate need 
4.  Great need 
B.23.  Are you in need for further information/education regarding HIV patient management? 
1.  No need 
2.  Slight need 
3.  Moderate need 
4.  Great need 
B.24.  Are you in need for further information/education regarding treatment recommendations of HIV 
patients? 
1.  No need 
2.  Slight need 
3.  Moderate need 
4.  Great need 
B.25.  Are you in need for further information/education regarding advice on referrals of HIV/AIDS 
patients? 
1.  No need 
2.  Slight need 
3.  Moderate need 
4.  Great need 
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B.26.  Are you in need for further information/education when it comes to assessment of clinical 
manifestations associated with HIV/AIDS? 
1.  No need 
2.  Slight need 
3.  Moderate need 
4.  Great need 
B.27.  Are you in need for further information/education when it comes to assessment of psycho-social 
complications associated with HIV/AIDS? 
1.  No need 
2.  Slight need 
3.  Moderate need 
4.  Great need 
B.28. is it correct or incorrect that the following professional groups are considered as the high-risk 
groups by profession? 
Group Correct Incorrect I do not know 
University students    
Barbers    
Truck drivers    
Soldiers    
Teachers    
Health workers    
B. 29. Is it correct or incorrect that the conditions listed below are considered as viral/fungal infections 
associated with HIV infection? 
Manifestation Correct Incorrect I do not know 
Candidiasis    
Kaposi's sarcoma    
Parotid enlargement    
Hairy Leukoplakia    
Carcinoma     
Oral ulcerations    
Herpes zoster    
Acute gingivitis    
B.30. is it correct or incorrect that the following drugs are antifungal drugs used in treatment of the 
fungal infections associated with HIV-infection? 
The drug Correct Incorrect I do not know 
Nystatin    
Acyclovir    
Chlorhexidine    
Amphotericin    
Fluconazole    
Co-trimoxazole    
Tetracycline    
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Part (C): In the following we ask some question about your experience with HIV/AIDS infected 
people and your opinion about HIV/AIDS positive people in general. Choose the response 
alternative that fits you the best and put a tick in the corresponding box. Please answer all 
questions)  
C.1). Have you ever participated in the clinical treatment of a HIV/AIDS infected patient?        
1)   Yes.   
2)   No 
3)   I do not know 
C2) Do you know personally a person who is HIV positive? 
a. yes 
b. No 
c. I do not know 
C3). Do you know personally any person who is sick of AIDS? 
1)   Yes 
2)   No 
3)   I do not know 
C4) Do you know any person who has died because of AIDS 
1)   Yes 
2)   No 
3)   I do not know 
C.5. Have you been vaccinated against Hepatitis B virus? (Why this question)?      
1)  Yes.                             
2)   No.  
If yes, when did you have your last vaccine?    Year…………….. 
C.6. If a member of my family became sick with HIV/AIDS virus, I would be willing to care for him or her 
in my household? 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
C.7. If a member of my family became sick with HIV/AIDS virus, I would want it to remain a secret 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
I would go and visit a friend if I knew that he/she had got the AIDS virus. 
1  Strongly agree 
2  Agree 
3  Neither agree nor disagree 
4  Disagree 
5  Strongly disagree 
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Patients with the AIDS virus should be allowed to attend general dental practices. 
1  Strongly agree 
2  Agree 
3  Neither agree nor disagree 
4  Disagree 
5  Strongly disagree 
I would continue to be friend with someone who has got the AIDS virus. 
1  Strongly agree 
2  Agree 
3  Neither agree nor disagree 
4  Disagree 
5  Strongly disagree 
C.8. If a dentist/medical doctor/dental hygienist has the HIV/AIDS virus but is not sick then they should 
be allowed to continue their clinical work 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
C.9. A dental and medical health care worker should have the possibility of refusing treatment to a HIV 
positive patient 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
C.10. HIV and AIDS patients shouldn’t be treated in regular dental clinics 
1)     Strongly agree  
2)      Agree  
3)      Neither agree nor disagree 
4)      Disagree 
5)      Strongly disagree 
Section D: In the following we present statements regarding your willingness to perform 
surgical treatment (e.g. tooth extractions) with HIV/AIDS patients in the future. Choose the 
alternative that fits you the best and put a tick in the corresponding box.
D.1. I intend to provide surgical treatment (e.g. tooth extractions) to patients infected with HIV/AIDS as 
part of my future professional work 
1. Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
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D.2. I will provide surgical treatment (e.g. tooth extractions) to patients infected with HIV/AIDS as part of 
my future professional work 
1. Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.3. How likely is it that you will provide surgical treatment (e.g. tooth extractions) to patients infected 
with HIV/AIDS as part of your future professional work? 
1.  Very likely 
2.  Likely 
3.  Neither likely nor unlikely 
4.  Unlikely 
5.  Very unlikely 
D.4. To provide surgical treatment (e.g. tooth extractions) to patients infected with HIV/AIDS as part of 
my future professional work is the legally right thing to do 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.5. To provide surgical treatment (e.g. tooth extractions) to patients infected with HIV/AIDS as part of 
my future professional work is dangerous for my health 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.6. To provide surgical treatment (e.g. tooth extractions) to patients infected with HIV/AIDS as part of 
my future professional work is a fair thing to do 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.7. To provide surgical treatment (e.g. tooth extractions) to patients infected with HIV/AIDS as part of 
my future professional work is a morally right thing to do 
1. Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
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D.8. To provide surgical treatment (e.g. tooth extractions) to patients infected with HIV/AIDS as part of 
my future professional work is a professionally unreasonable thing to do 
1. Strongly agree 
2. Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.10. All my patients want me to provide surgical treatment - (e.g. tooth extractions) to patients infected 
with HIV/AIDS as part of my future professional work 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.11. Community leaders/other politicians want me to provide surgical treatment (e.g. tooth extractions) 
to patients infected with HIV/AIDS as part of my future professional work 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.12. My family wants me to provide surgical treatment (e.g. tooth extractions) to patients infected with 
HIV/AIDS as part of my future professional work 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.13. My teachers at the college want me to provide surgical treatment (e.g. tooth extractions) to 
patients infected with HIV/AIDS as part of my future professional work 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.15. It is morally wrong for me not to provide surgical treatment (e.g. tooth extractions) to patients 
with HIV/AIDS as part of my future professional work 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
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D.16. I feel guilty if I do not provide surgical treatment (e.g. tooth extractions) to patients with 
HIV/AIDS as part of my future professional work 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.17. I get a bad conscience if I do not provide surgical treatment (e.g. tooth extractions) to patients 
with HIV/AIDS as part of my future professional work. 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.18. How easy or difficult is it for you to provide surgical treatment (e.g. tooth extraction) to patients 
with HIV/AIDS as part of your future professional work? 
1.  Very easy 
 2. Easy 
 3. Neither easy nor difficult 
 4. Difficult 
 5. Very difficult 
D.19. To what extent do you see yourself as capable to provide surgical treatment () to patients with 
HIV/AIDS as part of your future professional work? 
1  Very capable 
2  Capable 
3  Neither capable nor incapable 
4  Incapable 
5  Very incapable 
D.20. How confident are you that you will be able to provide surgical treatment to patients with 
HIV/AIDS as part of your future professional work 
 Very sure 
 Sure 
 Neither sure nor unsure 
 Unsure 
 Very unsure 
D.21. I believe I have the ability to provide surgical treatment to patients with HIV/AIDS as part of my 
future professional work 
1.  Strongly agree 
2.  Agree 
3.  Neither agree nor disagree 
4.  Disagree 
5.  Strongly disagree 
D.22. Whether or not I provide surgical treatment to patients with HIV/AIDS as part of my future 
professional work is entirely up to me
 Strongly agree 
 Agree 
 Neither agree nor disagree 
 Disagree 
 Strongly disagree 
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D.23. How much control do you have with provision of surgical treatment to patients with HIV/AIDS as 
part of your future professional work 
 Very much control 
 Control 
 Some control 
 Little control 
 very little control 
SECTION: E.  (In the following we ask questions regarding your perceived risk or fear of 
contracting HIV. Choose the alternative that fits you the best and put a tick in the corresponding 
box).
E.1. How do you rate the risk of health care workers in general (medical doctors, dental assistants and 
dentists) of contracting HIV at the work place? 
1.  No risk 
2.  Slight risk 
3.  Moderate risk 
4.  Great risk 
E.2. You as a dental officer student - How do you rate your own risk of contracting HIV when dealing 
with patients? 
1.  No risk 
2.  Slight risk 
3.  Moderate risk 
4.  Great risk 
E.3. Compared to other people of same age and gender - how do you perceive your risk of sometimes 
during your lifetime getting HIV/AIDS? 
1.  Much greater than others 
2.  Greater than others 
3.  Same risk as others 
4.  Less risk than others 
5.  Much less risk than others 
E.4. I will eventually be infected if I treat HIV-positive patients often 
1) Strongly agree 
2) Agree 
3)Neither agree nor disagree 
4) Disagree 
5) Strongly disagree 
E.5. I always take special precautions for HIV-infected patients regarding infection control in dental 
clinics. 
1) Strongly agree 
2) Agree  
3) Neither agree nor disagree 
4) Disagree  
5) Strongly disagree 
E.6. I always take my standard precautions for HIV-infected patients 
1) Strongly agree  
2) Agree 
3) Neither agree nor disagree 
4) Disagree 
5) Strongly disagree 
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E.7. I fear contracting HIV-infection from my routine work 
1) Strongly agree  
2) Agree 
3) Neither agree nor disagree 
4) Disagree 
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4. Gender    F                         M.       ..                     
5. Residence 
A) Dentition status registration: (DMFT): 
              U R                                                                          U L 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28
                
              L R                                                                          L L 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28
                




2 Filled with decay 
3 Filled no decay 
4 Missing du to caries 
5 Missing any other reason 
6 Fissure sealant 
7 Bridge, abutment, crown 
8 Un-erupted crown 
9 Not recorded 
T Trauma/fracture 
B) Simplified Oral Hygiene Index: (Greene and Vermillion 1964): 
1) Debris Index:
U R              U L 
16 11 26 
   
L R                  L L 
16 11 26 
   
2) Calculus Index: 
U R              U L 
16 11 26 
   
L R                  L L 
16 11 26 
   
Criteria and codes for debris:
Scores Criteria
0 No debris or stain present 
1 Soft debris covering not more than one third of the tooth surface, or presence of 
extrinsic stains without other debris regardless of surface area covered 
2 Soft debris covering more than one third, but not more than two thirds, of the 
exposed tooth surface. 
3 Soft debris covering more than two thirds of the exposed tooth surface. 
Criteria and codes for calculus:
Scores Criteria
0 No calculus present 
1 Supragingival calculus covering not more than third of the exposed tooth surface.  
2 Supragingival calculus covering more than one third but not more than two thirds of 
the exposed tooth surface or the presence of individual flecks of subgingival calculus 
around the cervical portion of the tooth or both.  
3 Supragingival calculus covering more than two third of the exposed tooth surface or a 
continuous heavy band of subgingival calculus around the cervical portion of the 
tooth or both.  
Request to participate in this research
We would like to request you to participate in this research. This research is regarding the HIV-
infection and oral health. Our effort is aiming towards maintaining our services to the public. The 
role of the dentist is to prevent rather than cure. Dental services are considered as source of 
HIV-infection, thus we are required to maintain our knowledge and skills to prevent cross 
infections. The participation is voluntarily, the confidentiality of participant is secured. The results 
of this research are to be made accessible for the purpose of quality assurance in dental 
practice. The role pf the citizen/public in quality assurance and consumer protection is to be 
strengthened and maintained by your participation. We highly appreciate your participation in 
the research. 
The study group 
CONSENT FORM
I hereby declare that I have been fully informed about the research objectives, and I agreed 
voluntarily to participate. This participation is to contribute in the fight against HIV and AIDS. 
Signature of participant---------------------------------------------------- 
Date---------------------------------- 
Questionnaire for Dental-patients (interview)
Section (A): Demography:













o Lay labour 
o Others 
A.5. How much is your monthly income? 
From 150.000 to 500.000 SP. 
From 600.000 to 1000000 SP. 
More than 1000000 SP. 
Don’t want to say. 






A.7. If you are married, how many children do you have? 
One to two. 
Two to four. 
More than four. 
A.6. where did you lived most of your life? 
1. Khartoum state 
2. Northern Sudan 
3. Eastern Sudan 
4. Western Sudan 
5. Southern Sudan 
6. Middle of Sudan 
7. Out of Sudan 
A.7. Did you travel inside Sudan? 
A. Yes.                  
B. No. 
A.8. Did you travel outside Sudan? 
Yes.                  
No. 
Section (B): knowledge: In the following part will ask you about modes of transmission and 
prevention of HIV/AIDS? Please choose one answer, and answer all questions.  
B.1. the following statements are about events that might increase the risk of transmission of HIV virus. 
Please indicate if you think those statements are correct or wrong 
Mode of transmission Correct Incorrect I do not know 
Unprotected sexual 
intercourse 
   
Using public toilettes    
Breast milk    
Contact with infected 
blood 
   
Correct use of condoms    
Shaking hands with 
someone who has the 
virus 
   
A person can have the 
HIV virus and not show 
signs of disease 
   
A person who has the 
virus but looks healthy 
can pass it to other 
people 
   
In the following part will ask you about different sources of information about HIV/AIDS? Please 
choose one answer, and answer all questions.  
B.3. How much information about HIV/AIDS related issues have you received from Radio/TV? 




5) None at all 
B. 4. How much do you trust the information about HIV/AIDS related issues that you received from 
Radio/TV?




5) None at all 
B.5. How much information about HIV/AIDS related issues have you received from the internet? 




5) None at all 
B.6. How much do you trust the information about HIV/AIDS related issues that you received from the 
internet?




5) None at all 
B.7. How much information about HIV/AIDS related issues have you received from 
newspapers/magazines/books? 




5) None at all 
B.8. How much do you trust the information about HIV /AIDS related issues that you received from 
newspapers/magazines/books?




5) None at all 
B.9. How much information about HIV/AIDS related issues have you received from friends/relatives?  




5) None at all 
B.10. How much do you trust the information about HIV /AIDS related issues that you received from 
friends/relatives?




5) None at all 
B.11. How much information about HIV/AIDS related issues have you received from health care 
workers? 




5) None at all 
B. 12. How much do you trust the information about HIV /AIDS related issues that you received from 
health care workers?




5) None at all 
Section (c) norms and perceptions: in the following part will give some statements, where you 
will give your opinion and understanding. Please choose one answer, and answer all questions.  
C.1. AIDS is the most dangerous disease in Sudan.  
1) Strongly agree 
2)  Agree 
3)  Neither agree nor disagree 
4)  Disagree 
5)  Strongly disagree 
C.2. It is unlikely that I will ever get AIDS. 
1   Strongly agree 
2   Agree 
3   Neither agree nor disagree 
4   Disagree 
5   Strongly disagree 
C.3. AIDS is a very dangerous disease.  
1   Strongly agree 
2   Agree 
3   Neither agree nor disagree 
4   Disagree 
5   Strongly disagree 
C.4. I am really afraid of getting AIDS.  
1   Strongly agree 
2   Agree 
3   Neither agree nor disagree 
4   Disagree 
5   Strongly disagree 
C.5. I would go and visit a friend if I knew that he/she had the AIDS virus. 
1   Strongly agree 
2   Agree 
3   Neither agree nor disagree 
4   Disagree 
5   Strongly disagree 
C.6. Persons with AIDS should be allowed to attend general dental practices. 
1   Strongly agree 
2   Agree 
3   Neither agree nor disagree 
4   Disagree 
5   Strongly disagree 
C.7. I would continue to be a friend with someone who has AIDS virus. 
1.  Strongly agree 
2.   Agree 
3.   Neither agree nor disagree 
4.   Disagree 
5.    Strongly disagree 
C.8. I would be happy to take care of a relative who has AIDS. 
1.  Strongly agree 
2.   Agree 
3.   Neither agree nor disagree 
4.   Disagree 
5.    Strongly disagree 
C.9. To what extent do you think poverty is a threat against your health. (very much – not at all) 




5. None at all 
C.10. To what extent do you think food shortage is a threat to your health (very much – not at all) 
  




10. None at all 
C.11. To what extent do you think AIDS is a threat to your health (very much – none at all) 
  




15. None at all 
C.12. Do you have a relative or a friend who is infected with HIV-infection? 
YES.                 
No.        
C.13. Do you have a past dental history? 
Yes.        
No. 




If not, why? 
























If yes: how? 
















C.16. Would you attend a dental clinic, which is attended by an HIV-infected person? 
o Yes.  
o No. 
o Don’t know. 
C.17. HIV and AIDS patients shouldn’t be treated in regular dental clinics. 
1) Yes.  
2) No. 
3) Don’t know. 
If yes: Why? 
Because: 
















If no: Why? 

























None at all 
C.23. How much important is professional ethical conduct? 




5) None at all 
C.24. How much important is Diagnosing and treating dental problems?
1)     Very much 
2)     Much 
3)     Some 
4)     Little 
5)     None at all 
C.25. How much important is Helping to prevent dental problems?




5) None at all 
C.26. How much important is Co-operating with other health professionals? 




5) None at all 






SECTION D: Some questions regarding oral health related quality of life: 
D.1. During the past 6 months – how often have problems with your mouth and teeth caused you any 
difficulty in eating and chewing food?  
o  Never 
o  Less than once a month 
o  Once or twice a month 
o  Once or twice a week 
o  3-4 times a week 
o  Every, or nearly every day 
D.2. what was the actual oral problem(s) that caused your difficulty with eating and chewing food? 
Condition Yes No 
Toothache   
Loose tooth   
Gum abscess   
Bad breath   
Bleeding gums   
Dry mouth   
D.3. During the past 6 months – how often have problems with your mouth and teeth caused you any 
difficulty in speaking and pronouncing clearly?  
 Never 
 Less than once a month 
 Once or twice a month 
 Once or twice a week 
 3-4 times a week 
 Every or nearly every day 
D.4. what was the actual oral problem that caused your difficulty with speaking and pronouncing 
clearly?  
Condition Yes No 
Toothache   
Loose tooth   
Gum abscess   
Bad breath   
Bleeding gums   
Dry mouth   
D.5. During the past 6 months – how often have problems with your mouth and teeth caused you any 
difficulty with cleaning teeth?  
 Never 
Less than once a month 
Once or twice a month 
 Once or twice a week 
 3-4 times a week 
 Every or nearly every day
D.6. what was the actual oral problem(s) that caused you the difficulty with cleaning teeth?  
Condition Yes No 
Toothache   
Loose tooth   
Gum abscess   
Bad breath   
Bleeding gums   
Dry mouth   
D.7. During the past 6 months – how often have problems with your mouth and teeth caused you any 
difficulty in sleeping and relaxing?  
o  Never 
o  Less than once a month 
o  Once or twice a month 
o  Once or twice a week 
o  3-4 times a week 
o  Every or nearly every day 
D.8. what was the oral problem (s) that caused you difficulty with sleeping and relaxing?  
Condition Yes No 
Toothache   
Loose tooth   
Gum abscess   
Bad breath   
Bleeding gums   
Dry mouth   
D.9. During the past 6 months – how often have problems with your mouth and teeth caused you any 
difficulty in smiling, laughing and showing teeth without embarrassment?  
1)  Never 
2)  Less than once a month 
3)  Once or twice a month 
4)  Once or twice a week 
5)  3-4 times a week 
6)  Every or nearly every day 
D.10. was the actual oral problem (s) that caused your difficulty with smiling laughing and showing teeth 
without embarrassment? 
Condition Yes No 
Toothache   
Loose tooth   
Gum abscess   
Bad breath   
Bleeding gums   
Dry mouth   
D.11. During the past 6 months – how often have problems with your mouth and teeth caused you any 
difficulty in maintaining usual emotional state without being irritable? 
o  Never 
o  Less than once a month 
o  Once or twice a month 
o  Once or twice a week 
o  3-4 times a week 
o  Every or nearly every day 
D.12. what was the actual oral problem(s) that caused your difficulty with maintaining usual emotional 
state without being irritable?  
Condition Yes No 
Toothache   
Loose tooth   
Gum abscess   
Bad breath   
Bleeding gums   
Dry mouth   
D.13. During the past 6 months – how often have problems with your mouth and teeth caused you any 
difficulty in carrying out major work or social role  
 Never 
 Less than once a month 
 Once or twice a month 
 Once or twice a week 
 3-4 times a week 
 Every or nearly every day 
D.14. what was the actual oral problem (s) that caused your difficulty with carrying out major work and 
social role?  
Condition Yes No 
Toothache   
Loose tooth   
Gum abscess   
Bad breath   
Bleeding gums   
Dry mouth   
D.15. During the past 6 months – how often have problems with your mouth and teeth caused you any 
difficulty in enjoying contact with people  
o  Never 
o  Less than once a month 
o  Once or twice a month 
o  Once or twice a week 
o  3-4 times a week 
o  Every or nearly every day 
D.16. what was the actual oral problem (s) that caused your difficulty with enjoying contact with people?
Condition Yes No 
Toothache  
Loose tooth  
Gum abscess  
Bad breath  
Bleeding gums  
Dry mouth 
SECTION E: Reported general health, oral health status/ perceived treatment needs, stated 
ability to eat certain foods/attitudes towards keeping teeth  
E.1. how do you evaluate your general health status? 
o  Very good 
o  Good 
o  Neither good nor bad 
o  Bad 
o  Very Bad 
E.2. how do you consider the present condition of your mouth and teeth? 
o  Very good 
o  Good 
o  Neither good nor bad 
o  Bad 
o  Very Bad 
E.3. Are you satisfied with the appearance of your teeth? 
1.  Very good 
2.  Good 
3.  Neither good nor bad 
4.  Bad 
5.  Very Bad 
E.4. During the previous year how often did you experience? 
a) Dental pain/toothache? 




b) Tooth abscess? 




c) Dry mouth? 




d) Infected sore gums? 




e) Tooth decay? 




f) Bleeding gums? 




g) Broken tooth? 
1) very often 
2) Often 
3) Seldom 
4) never 

















